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Site restrictions are included in the solid waste
regulations of 30 states. Examples of site
restrictions are prohibiting solid waste disposal
facilities from violating local soning laws,
banning placement of a new facility in a 100-year
floodplain, and prohibiting waste placement unless
there is a minimum depth to ground water. Column
4, "site restrictions," shows whether a state'
regulations include restrictions on a disposal
facility's location.

Five states'egulations (Florida, Louisiana,
Colorado, Washington, and Maine) call for all solid
waste facilities to have a clay or synthetic liner.
In addition, six states'egulations (Kentucky,
Alabama, Tennessee, Wisconsin, New York, and
Mississippi) call for the state permitting
authority to determine, on a case-by-case basis,
whether a liner is required. Column 5, "liners,"
shows whether the state's regulations include a
requirement for liners at solid waste disposal
facilities.

Leachate control systems are collection devices
placed under wastes in landfills or impoundments to
collect waste leachate. Regulations in 12 states
call for leachate control systems in all solid
waste disposal facilities; the regulations of an
additional 8 states allow leachate control systems
to be required on a case-by-case basi.s. Column 6,
"leachate control systems," shows whether a state'
regulations include a requirement for leachate
control systems at solid waste disposal facilities.
The solid waste regulations of 17 states call for
ground-water monitoring systems at all solid waste
disposal facilities. The regulations of an
additional 11 states specify that ground-water
monitoring may be required on a case-by-case basis.
Column 7, "ground-water monitoring," shows whether
a state's regulations include requirements for
ground-water monitoring wells at solid waste
disposal facilities.
Twenty-six states have solid waste regulations that
call for closure and post-closure care. Column 8,
"closure conditions," shows whether a state'
regulations include requirements for closure and
post-closure care for disposal facilities that have
ceased operating.
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~ Thirteen states have solid waste regulations that
include a financial assurance requirement. Column
9, "financial assurance," shows whether a state'
regulations include a requirement that a solid
waste facility operator post a bond or participate
in a waste management fund to ensure the long-term
viability of safe disposal facilities.

The management of waste in surface impoundments, a common practice for

coal-burning utility plants, is often only indirectly addressed by state solid

waste regulations. Only six states -- Louisiana, Colorado, New York,

Washington, Oregon, and New Hampshire -- have solid waste regulations that

include requirements exclusively for surface impoundments. The solid waste

regulations of Indiana, Tennessee, Kentucky, North Carolina, Georgia, and

Missouri exclude surface impoundments and defer to state water laws for

regulatory authority. The water regulations in these states do not include any

design and operating requirements for surface impoundments. However, according

to the USWAG report, the water agencies in Missouri do regulate the design and

operation of impoundments -- requiring lining and ground-water monitoring.

According to the same report, state water agencies in Pennsylvania also

regulate the design and operation of surface impoundments,

The regulatory requirements discussed above refer to regulations explicitly

promulgated by the states for waste disposal facilities. However, state solid

and hazardous waste regulations generally allow state authorities a large

degree of discretion in designing site-by-site disposal standards that are more

strict than those specified in the solid waste regulations. Many states'egulations

allow local governments to design their own waste disposal

regulations, provided that the standards set forth in the state solid waste

regulations are enforced. Interviews with several state environmental
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officials and the summaries in the USVAG report indicate that in some states

coal combustion utility wastes are regulated more stringently then what is

required by the solid waste regulations. For example, the solid waste

regulations in Texas have few design and operating requirements and exempt

on-site disposal from the permit requirement. It is, however, the policy of

the state environmental agency to provide guidelines for on-site facilities as

well as off-site facilities, and to require ground-water monitoring. (For more

information on individual state regulations, see Appendix C.)

4.1.3 Summary

The regulation of coal combustion waste is generally carried out under

state solid, not hazardous, waste regulations. These solid waste regulations

vary from state to state. Based on the requirements included under each

state's solid waste regulations (as shown in Exhibit 4-1), it is difficult to

generalize about the extent of state regulation of coal combustion wastes; some

states have very stringent regulations and/or policies, such as those that

impose design and operating standards and on-site and off-site permit

requirements, whereas other states have few requirements or exempt on-site

disposal from regulation. For a number of states, requirements are determined

on a case-by-case basis. This allows the states to take climatic, geologic,

and other site-specific characteristics into account for each waste management

facility.
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4.2 AVAILABLE WASTE NANAGEHENT METHODS AND CURRENT PRACTICES

There are a variety of methods available for managing coal combustion

wastes. Wastes may be land managed in impoundments, landfills, mines, and

quarries or may be reused for various purposes. This secti.on describes types

of land management of coal combustion wastes and their prevalence within the

ten EPA-designated regions of the United States. The second part of the

section reviews available waste management technology alternatives (such as

lining, leachate collection, and pre-disposal treatment), and explores how

these different technologies are currently used in different parts of the U.S.

and how these technologies have changed over time. The third part of this

section describes the potential for ocean disposal to be used to manage coal

combustion wastes. The final section describes coal combustion waste

recycling. The waste management methods discussed in this section apply to

high-volume and low-volume utility waste streams since these wastes are often

co-disposed in the same facility.

4.2.1 Land Nanagement of Coal Combustion Wastes

80 percent of coal combustion waste is treated, stored, and/or disposed by

means of land management, with the remaining 20 per'cent recycled (see Section

4.2.4). This section describes three common methods of land management

currently used for coal combustion wastes. It also presents data on use of

these management methods geographically and how land management practices have

changed over time.
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4.2.1.1 Types of Coal Combustion Waste Imnd Management

Three types of utility waste lend management facilities are commonly used

'today:

Surface Impoundments -- often called wet ponds, in
which coal combustion wastes are disposed as a
slurry or sludge, allowing solids to settle and
accumulate at the bottom of the pond.

Landfills -- facilities used for disposing of dry
or dewatered coal combustion wastes; landfills are
typically managed like an earth-moving operation in
which the wastes are disposed in the excavated
area.

Mines and Quarries -- abandoned pits in which wet
or dry wastes are disposed.

Surface Impoundments

Surface impoundments are used to treat, store, and dispose of coal

combustion wastes. Slurried coal ash and other wastes are introduced into the

impoundment; the solids settle out and gradually accumulate at the bottom of

the pond, leaving relatively clear water at the surface, which is often

discharged to surface water. By using this method, certain types of waste

treatment, such as neutralization of acids, can be accomplished concurrently

with disposal. Exhibit 4-2 illustrates the different stages in the life of a

typical impoundment.

Historically, wet ponding has been one of the most widely used disposal

methods for coal ash and FGD wastes because it is simple and easily

implemented. In 1983, about 80 percent of the waste management facilities used
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EXHIBIT 4-2

TYPICAL SURFACE IMPOUNDMENT (POND) STAGES

SLURRIEO
COAL WAS

EFFLUENT

CLOSED DISPOSAL POND
(with wastes remaining)
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by utili.ties employed some type of sedimentation treatment pond; most of these

treatment ponds were used directly as final disposal impoundments (about 45

percent of all facilities; see section 4.2.1.2). The remainder of the

impoundments were used only for treatment and temporary storage of waste, in

part to comply with the National Pollutant Discharge Elimination System

established in Section 402 of the Clean Water Act. In recent years, some

state and local regulations concerning wet ponds have become more restrictive,

requi.ring liners and ground-water monitoring at these facilities. These types

of restrictions will tend to increase wet ponding costs, making it less

attractive as a disposal option.

Utilities may use a single pond or a series of ponds to facilitate the

settling of solids. Chemicals or different wastes can be added at different

points in the ponding system to produce desired chemical reactions, such as

metals precipitation or neutralization. Fly ash, bottom ash, and FGD wastes

are usually sluiced with water to the impoundments. The ash solids may be

allowed to accumulate in a pond until it is full, or the pond may be drained

and the solids dredged periodically and taken to an alternative disposal site,
such as a landfill.

Pond designs vary widely depending upon local site conditions, the

regulations that govern design of the impoundment, and whether bottom ash,

fly ash, FGD wastes, or a combination of wastes are to be disposed and/or

treated in the ponds. Because utility wastes are generated in large volumes, a

pond's total surface area may cover up to several hundred acres, and the

initial depth of a pond may be anywhere between 10 and 100 feet. The total10
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volume of en impoundment system depends on several factors, including the total

quantity of ash to be disposed (both dry and slurried volumes), the liquid and

solid retention times, the type and degree of treatment performed, and the

desired quality of the discharge or effluent. The number of ponds in a system

and the specific uses to which each is put can also influence the total volume

required for wet ponding.

Imndfills

Landfills are used to dispose of coal combustion wastes such as fly ash,

bottom ash, and FGD sludges when they are produced or after they are dredged

from surface impoundments that are used as interim treatment facilities. The

typical design of a landfill during i.ts active stage and after closure is

depicted in Exhibit 4-3.

Landfills are constructed in a somewhat similar fashion to surface

impoundments. Excavation is required in both cases, but may be ongoing

throughout a landfill's active life because most large landfills are divided

into sections, or cells, of which only one or two may be active at any given

time. A landfill cell is defined as the area (up to several hundred square

feet) over which waste is placed to a depth ranging from one to ten feet

(industry practice refers to each layer of cells as a lift). Several lifts may

be stacked atop one another in the landfill. A cell may be open for periods

ranging from a day to a few weeks, after which it is usually covered with six

inches to several feet of soil. The waste and soils are often sprinkled with

water throughout the fill operation to mitigate potential dust problems.
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EXHIBIT 4-3

DIAGAAMS OF ACTIVE AND CLOSED LANDFILLS

E3 WASTE El SOILS

CLOSED LANDFILL
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Excavation may be initiated in phases; for example, as one cell is filled,

another is prepared for waste placement, while yet another is being excavated.

Roads are built in to provide access for waste-hauling equipment as well as for

the earth-moving and earth-compacting equipment that prepares the waste after

it has been placed in the landfill cell. After a cell is filled, the access

road frequently becomes part of the containment system as a wall separating one

cell from the next.

Landfilling of coal ash and FGD sludges has increased over the pest few

years as the costs of wet ponding have increased (see section 4.2.1.2). Most

electric utilities that use landfills currently dispose their high-volume

wastes in Subtitle D (non-hazardous waste) landfills. Landfills in compliance

with RCRA Subtitle C standards may be used occasionally for disposal of small
11quantities of hazardous waste.

Mine and Quarry Disposal

Some utilities use abandoned mines or quarries as ash and FGD sludge

disposal sites. Abandoned mine disposal includes the use of mine shafts as

well as strip-mined areas. Wastes disposed to abandoned mine shafts can be

dumped into the shaft or carefully placed within the mine to fill the areas

remaining after the coal or other material has been removed. Scrip-mined areas

may be filled like a landfill. Regulatory agencies may consider wastes

disposed in this manner to pose less of a threat than the runoff and potential
12contamination from the abandoned mine itself. In some cases, a chemical

reaction between the waste and the mine runoff and leachate might actually
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reduce the toxicity of the runoff (for example, an alkaline sludge could

neutralize acid mine drainage). However, the likelihood of such a mitigative

effect is very site-specific and would not necessarily occur uniformly

throughout any given mine disposal site.

In a few cases, utility wastes, particularly acidic wastes, have been

disposed in quarries. Limestone quarries are considered the best setting for

this type of disposal because they provide a natural acid buffering capacity

and the capacity for the metals present in the waste to be attenuated by
13chemically combining with materials in the quarry. Quarry disposal of wastes

works well for lime or limestone slurry wastes, which harden to form a

concrete-type floor at the bottom of the quarry, thereby plugging any potential

leakage paths. The probability of achieving success with this method must be

evaluated on a case-by-case basis prior to its use.

4.2.1.2 Prevalence of Various Land Management Hethods

Use of the waste management methods described above can vary from plant to

plant and, in some cases, among individual generating units at a single power

plant. This section presents information on how these utility waste management

methods are employed nationwide and within EFA regions. It also discusses how

these utility waste management methods have changed over time. The emphasis is

on surface impoundments and landfills because these two waste management

methods are the most commonly-used utility waste management practices in the

United States.
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The information presented in this section was derived from the Edison

Electric Institute Power Statistics Database, currently maintained by the

Utility Date Institute. This database contains information on power plant

characteristics for all electric utility generating plants in the U.S. These

data include number of power plants, number of generating units at each power

plant site, type of fuel, plant capacity, as well as other information. It
also contains information on the type of waste management methods currently

used by power plants throughout the country, including type of disposal

facility and whether the wastes were disposed at the power plant or in off-site

facilities. Because each generating unit at a power plant may have its own

waste management practice, the database gives waste disposal information for

all generating units.

Data were not available for all generating units in the database. When

information is not available, the extent of data coverage is indicated. In

some instances the number of generating units on which no information was

available was quite high. Although EPA recognizes the possibility of some

statistical bias due to lack of data on some generating units, this database is

the most comprehensive source available on utility waste management practices.

EPA has no reason to believe that such bias is serious enough to call into

question conclusions drawn in this analysis.

Exhibit 4-4 displays, for each of the ten EPA regions of the U.S. (see

Exhibit 2-4 for a map of these regions), the number of generating units whose

waste is managed in surface impoundments, in landfills, or mines. The most
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EXHIBIT 4-4

UTILITY VASTE RAR&082KHT FACILITIES BY EPA EECIOR
(number of generating units) y/

Surface Other/
~EP* R 1 ~ld u dE11 litt fj31 U k

1
2
3
4
5
6
7
8
9

10

1
0

33
195
160

19
55

9
11

0

10
22

103
55

198
48
61
56
16

9

0
0
1
0
4
2
1

23
0
2

7
17

7
45

130
18
32
21

7
0

18
39

144
295
492

87
149
109
34
11

U.S. Total 483 578 33 284 1378

Source: Utility Data Institute Power Statistics Database

+a The data are provided by generating unit because each generating unit at
a power plant may have its own management facility. A generating unit
typically refers ro a single boiler, turbine, and generator set at a
power plant. A power plant may have more than one generating unit at
the site. For the database used here, data were available for 1,378
generating units located at 514 power plants.
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common types of facilities used by the electric utility industry are

surface impoundments and landfills:
~ Landfills are the most common type of disposal facility

used. Of the 1,094 generating units for which data were
available (for 284 units, type of waste disposal method
was unknown), 578 units (about 53 percent) used
landfills for waste disposal. Landfills are used
throughout the United States, with the largest number
(over one-half of all landfills) located in the high
coal-consuming, industrialized areas of the East and
Midwest (Regions 3 and 5).

~ Surface impoundments are also commonly used;
approximately 44 percent of the generating units (483
out of 1,094) used this type of management facility. Of
the 483 generating units that place wastes in surface
impoundments, nearly 75 percent are located in Regions 4
and 5. (In the past, access to abundant, inexpensive
supplies of water in these Regions often made it
economical to use this management option.)

~ Mine disposal is used for about three percent of all
generating units (33 units out of 1,094). This disposal
technique is used most frequently in the western U.S.,
particularly Region 8. Power plants in this area are
often located at or near the coal mine that is supplying
the plant. Since the coal mine is located nearby,
disposal of waste in the mine is often economic.

When managing coal combustion wastes, electric utilities may treat,

store, or dispose of the wastes at the power plant or at facilities

located off-site. EPA could not determine from the data e;ailable how far

the wastes are transported when managed off-site, although the cost of

transporting the wastes would tend to encourage disposal near the power

plant. A summary of industry practices is provided in Exhibit 4-5, which

shows for each EPA region, by type of facility, whether the wastes are

managed on-site or off-site.
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EXHIBIT 4-5

LOCATION OF UTILITY WASTE NANAGENENT FACILITIES:
ON-SITS VERSUS OFF-SITE

(number of generating units)e

E~pe~ion

1
Surface Impoundments
Landfills
Other/Unknown

Total

-S e

1
0
0
1

-S te

0
8
0
8

UnMowO

0
2

9

ota

1
10

18

Surface Impoundments
Landfills
Other/Unknown

Total

0
3
0
3

0
18

0
18

0
1

18

0
22

~1
39

Surface Impoundments
Landfills
Other/Unknown

Total

25
62

0
87

3
37

1
41

5
4

16

33
103

8
144

Surface Impoundments
Landfills
0ther/Unknown

Total

186
26

0
212

4
8
0

12

5
21
45
71

195
55

~4
295

Surface Impoundments
Landfills
Other/Unknown

Total

141
41

0
182

5
140

6
151

14
17

128
159

160
198

~34
492

Surface Impoundments
Landfills
Other/Unknown

Total

18
36

0
54

0
3
6
9

1
9

14
24

19
48
20
87
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EXHIBIT 4-5 (continued)

LOCATION OF UTILITY WASTE MANAGEMENT FACILITIES:
ON-SITE VERSUS OFF-SITE

(number of generating units)e

KPPE~eion

7
Surface Impoundments
Landfills
0ther/Unknown

Total

On-S te

42
20

69

~Off-S te

0
26

1
27

U~o

13
15
25
53

55
61
33

149

Surface Impoundments 6
Landfills 28
Other/Unknown 2

Total 36

2
11
23
36

1
17
19
37

9
56
44

109

Surface Impoundments
Landfills
Other/Unknown

Total

9
16

0
25

2
0
0
2

0 11
0 16

7 34

10
Surface Impoundments
Landfills
Ocher/Unknown

Total

0
5
0
5

0
4
2
6

0
0
0
0

0
9
2

11

Total U.S.
Surface Impoundments
Landfills
Other/Unknown

Total

428
237

9
674

16
255

39
310

39
86

269
394

483
578
317

1378

* The data are provided by generating unit because each generating unit
at a power plant may have its own management facility. A generating
unit typically refers to a single boiler, turbine, and generator set
at a power plant. A power plant may have more than one generating
unit at the site. For the database used here, data were available for
1,378 generating units located at 514 power plants.
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~ Nearly 70 percent of all generating units in the U.S.
manage their coal combustion wastes on-site (based on
information for 984 units, 674 units dispose on-site).
About two-thirds of the on-site facilities are surface
impoundments; most of the other on-site facilities are
landfills.

~ Landfills are used for about 95 percent of all
off-site disposal in the U.S. This is not surprising
considering that surface impoundments are typically
used when wastes are transported as a wet slurry; the
cost of disposal could become prohibitive if a utility
transported the slurry off-site.

~ Coal combustion waste management practices also differ
by region:

In the Northeast (Regions 1 and 2), where
few coal-fired generating units are located,
management tends to occur off-site in
landfills.

The highest percentage of on-site management
is found in the South (Region 4), where
about 95 percent of all units manage their
waste on-site (212 units, based on
information from 224 units). On-site
management is common because utilities in
this region often use surface impoundments,
which are typically located at the power
plant.

In the Rockies and northern Great Plains
area (Region 8), most of the off-site
disposal (23 of 36 units) occurs in mines
that are generally adjacent to the power
plant.

These trends in utility waste management methods have been changing

in recent years, with a shift towards greater use of disposal in landfills

located on-site. Por example, for generating units built since 1975,

nearly 65 percent currently dispose of coal combustion wastes in

landfills, compared with just over 50 percent for units constructed before

1975. Similarly, over 80 percent of all units built since 1975 use
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on-site management facilities, compared with just under 65 percent of all
units built before 1975 that manage wastes on-site.

4 2.2 glternative Reste Management Technologies

Section 4.2.1 described the types of land management facilities used

by utilities and patterns of use. This section describes the additional

technologies that utilities may employ at the facilities described above

in order to reduce potential environmental risk associated with waste

management. For example, some utilities use liner systems for

impoundments and landfills, leachate collection systems, and ground-water

monitoring systems to control and monitor waste constituent migration.

Pre-treatment technologies, by altering physical and chemical properties,

can also render wastes more amenable for certain disposal methods. This

section also presents data on the prevalence of these various

technologies. The alternative technologies discussed in this section,

although not necessarily the same as technologies required for RCRA

Subtitle C facilities, may be required by current state regulations

(described in Section 4.1) and could be more widely used in the future to

further mitigate potential environmental impacts at utility waste disposal

sites not currently employing these technologies.

4.2.2.1 Installation of Liners

Until recently, most surface impoundments and landfills used for

utility waste management. have been simple, unlined systems. Lining is
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becoming a more common practice, however, as concern over potential

ground-water contamination from "leaky ponds" and, to a lesser extent,

from landfills has increased. Some waste management facilities use one or

more impermeable synthetic liners; some are lined with one or more layers
14of low-permeable clay ; and some use a combination of clay and synthetic

liners.

Synthetic Liners

Several dozen manufacturers and distributors supply impermeable

syntheti.c liners. The most common materials of construction for these

liners include polyvinyl chlori'de (PVC) and high-density polyethylene

(HDPE), although several other impermeable synthetics have also been used.

Liners may be reinforced with fibers to increase strength and decrease the

likelihood of punctures. The liners can be purchased in standard
15thicknesses that range from 10 mila to 100 mila, or can be made to

order. Most linei installations will include protective geotextile fabric

above and/or below the impermeable synthetic liner to minimize further the

potential for puncture.

Preparation of the site prior to installation of a synthetic liner is

similar to that which occurs before clay liner construction. However,

more care must be taken to smooth out the surfaces to eliminate any peaks

and cavities on the disposal facility floor that could cause a puncture of

the liner material. Consequently, surface preparation costs are greater

than those for clay liners. Excavation costs are usually less, however,
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because the thinner synthetic liners allow shallower excavation (i.e., the

additional excavation required to install a clay liner that is several

feet thick can be avoided if a much thinner synthetic liner is installed).

The liner itself, which comes rolled or folded in large pieces, is

laid in the field and sealed along the seems by heat or solvent fusion

techniques; the seams may be field tested at spot checkpoints. The liner

is usually covered with a foot or more of soil to protect it from puncture

snd to keep it in place during construction of the disposal feei.lity. The

edges of the liner at the tops of the dikes or landfill cell walls must be

well secured to prevent the liner from pulling out and shifting due to the

mass of the wastes placed in the impoundment or landfill. Some facilities

are double lined and often contain a leachate collection system located in

a soil or sand layer between the two liners.

Among the limitations to the use of synthetic liners is their

susceptibility to tear and puncture. This is of particular concern in a

single-lined impoundment because of the opportunity for liquids to seep

through a single tear. Synthetic liners are also susceptible to

degradation by certain waste materials. Acidic wastes, for example, can

degrade some synthetic liner materials. As with clay liners, waste/liner

compatibility testing should be performed to ensure that the disposed

wastes will not weaken or permeate the liner. Additionally, because the

seams of a synthetic liner are frequently weaker than the liner itself,
they may pull apart under stress (e.g., large mass loadings or wave
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action). Finally, dredging of synthetically-lined impoundments must be

done cautiously, sometimes at very significant expense.

Synthetic liners, unlike clay liners (described below), are

impermeable. Another advantage is the ease of repairing an exposed,

damaged impoundment liner. A tear or puncture can be patched and seamed,

and an impoundment put back into service, relatively quickly. (To repair

subsurface damage, however, the impoundment must be wholly or partially

drained.) Another advantage to using synthetic liners is that because of

manufacturer quality control, a facility owner can be fai.rly certain that

each liner sheet is as impermeable as the next. Clay is expensive to

transport and in areas of the country where clay soils are scarce, a

synthetic liner system may prove to be the less expensive option.

Clay Liners

The installation of a clay liner in a surface impoundment or landfill

entails several steps. First, the site must be excavated or graded to a

level below the design elevation of the facility floor. Many facilities

take advantage of natural low areas or abandoned ponds to minimize

excavation costs. The excavated earth can be used to build up the dike

walls for the impoundment or to build containing berms within the

landfill. Occasionally, soil must be brought to the construction site to

raise the dikes to the design height.
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Once the floor and dikes or harms have been prepared, the clay liner

is laid in 6- to 9-inch lifts; its final thickness will be between 1 foot

and 8 feet. Each lift is individually compacted before the next one is

laid, thereby providing effective compaction and minimizing leakage

potential. Field testing of the clay for permeability and other pertinent

characteristics is sometimes performed during construction to provide

quality assurance. Before the impoundment or landfill can be used, the

liner is visually inspected for flaws; non-contaminated water may also be

piped to the pond to assure that the liner is sufficiently impermeable.

One of the primary concerns about the use of clay liners is whether

the entire clay liner meets thickness and permeability requirements. If
weather conditions during liner construction are arid and hot, the liner

may dry out and crack, causing localized areas of leakage. If conditions

are wet or the clay is too moist, clay compaction may never be sufficient

to achieve the necessary low permeability. The clays used as liner

materials vary in the degree to which they are compatible with the wastes

placed in the facility. Laboratory tests, in which the proposed liner

material is exposed to the wastes intended for management, should be

conducted for each facility to ensure that components of the waste

material will not unduly alter the permeability of the clay used as liner

material. If the chemical characteristics of the generated waste were to

change over time, then the tests would need to be repeated to determine

what effect the altered waste stream would have on the clay liner.
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An advantage of clay liners is their potential for chemical,

particularly cation, attenuation. The chemical structure of clay allows

its use as an exchange site for metallic cations and other iona that might

gradually seep out of the facility. Such exchange further reduces the

opportunities for migration of waste constituents to the ground water.

For facilities with fairly ready access to clays, the capital and

construction costs associated with the use of a clay liner, even one that

is several feet thick, may be substantially lower than those associated

with the use of a synthetic liner.

Composite Liners

Many waste management facilities in industries currently sub]ect to

RCRA Subtitle C requirements are installing liner systems that combine

both clay liner and synthetic liner technologies. Most commonly, an

impoundment or landfill will be lined with 2-4 feet of impermeable clay,

which is then prepared for placement of a synthetic liner. The synthetic

liner may be covered with 1-2 feet of sand to serve as drainage for a leak

detection system. Some facilities may then add another 1- to 2-foot layer

of clay, which is again prepared for placement of the upper synthetic

liner. In landfills, another leachate collection system is usually placed

above this upper liner.

The composite synthetic/clay liner system offers a combination of

advantages over single-material liners. A composite liner has some of the

advantages provided by synthetic liners, such as factory quality control
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and ease of repair (for the upper liner), as well as the advantage of

clay's propensity for attenuating escaped ions. Furthermore, use of

multiple-liner materials reduces the likelihood that waste material will

leek into the ground water because of chemical incompatibility between a

waste and a single liner material. In general, the more layers of

impermeable liner material that are used, the more efficient containment

of liquids will be, thus reducing the likelihood of a release of waste

materiel.

The biggest drawback of the composite synthetic/clay liner system is

the cost of installation. Utili.ty waste landfi.lls are very large (up to

100 acres or more), and a liner large enough to cover such a area could be

very expensive. In areas where labor costs are high and clay is

unavailable locally and must be transported long distances, these costs

would be magnified.

Frequency of Liner Use

Some electric utilities have installed liners to retard the flow of

leachate from the waste disposal facility to the surrounding area.

Exhibit 4-6 shows the extent to which electric utilities are currently

using this technology.

~ About 25 percent of all generating units in the U.S.
for which data were available (139 of 580 units) have
installed some type of liner. There are no available
data on the material used to construct these liners or
if more than one liner has been installed at the
disposal facility.
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EXHIBIT 4-6

IHS~OH OF LIHERS FOR~ COHTRDL
AT UTILITY WASTE MAHAGEMEHT FACILITIES

(number ef generating units)e

Effu31e~ion

1
Surface Impoundments
Landfills
Other/Unknown

Total

Unlined

0
0
0

Lined

0
0
0
0

~nkno

1
10

18

ota

1
10

18

Surface Impoundments
Landfills
Other/Unknown

Total
0
1

0
14

0
14

0
7

17
24

0
22~7
39

Surface Impoundments
Landfills
Other/Unknown

Total

17
17

0
34

2
7
0
9

14
79

8
101

33
103

8
144

Surface Impoundments
Landfills
Other/Unknown

Total

153
14

0
167

3
7
0

10

39
34
45

118

195
55
45

295

Surface Impoundments
Landfills
Other/Unknown

Total

90
64

0
154

20
31
4

55

50
103
130
283

160
198~4
492

Surface Impoundments
Landfills
Other/Unknown

Total

7
11

0
18

7
17

0
24

5
20
20
45

19
48
20
87
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EXHIBIT 4-6 (continued)

IHS~OH OF LINERS FOR LEACHATE CONTROL
AT UTILITY WASTE HANAGEHEHT FACILITIES

(mnaber of generating units)*

P Re ion Ulled Lined 0~known ota

7
Surface Impoundments
Landfills
Other/Unknown

Total

30
7
6

43

4
4
0
8

21
50

~2
98

55
61~3

149

Surface Impoundments
Landfills
Other/Unknown

Total

4
12

0
16

0
6
0
6

5
38
44
87

9
56
44

109

Surface Impoundments
Landfills
Other/Unknown

Total

2

2
0
4

9

0
13

0 11
10 16

17 34

10
Surface Impoundments
Landfills
0ther/Unknown

Total

0
4
0
4

0
0
0
0

0
5
2

7

0
9
2

11

Total U.S.
Surface Impoundments
Landfills
0ther/Unknown

Total

303
132

6
441

45
90
4

139

135
356

~30
798

483
578

~3
1378

* The data are provided by generating unit because each generating unit
at a power plant may have its own vaste management facility. A
generating unit typically refers to a single boiler, turbine, and
generator set at a power plant. A power plant may have more than one
generating unit at the site. For the database used here, data vere
available for 1378 generating units located at 514 power plants.
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~ Based on the information available, landfills are more
likely to be lined than surface impoundments. Of the
222 generating units that use landfills and that
indicated whether the disposal facility was lined or
not, about 40 percent (90 units) have lined disposal
facilities. Only 13 percent of surface impoundments
have liners installed (based on information from 348
of the 483 units).

The information in Exhibit 4-6 should be interpreted cautiously since

date were available for only 42 percent of the population (580 units of

1,378 units). One of the reasons this information is unavailable is due

to the number of electric utilities that dispose of coal combustion wastes

off-site. In many of these cases, the utility does not know whether the

off-site disposal facility is lined or not since the utility does not run

the disposal operation.

Liner use has been increasing in recent years. Before 1975, less than

20 percent of all generating units managed their coal combustion wastes in

lined facilities. For units constructed since 1975, however, this

percentage has increased to over 40 percent. The proportion of lined

management facilities is particularly high at generating units that

produce FGD sludge; since 1975 about 60 percent of management facilities

containing these wastes have been lined.

4.2.2.2 Leachate Collection and Ground-Water Konitoring

Any lined management facility may have a leachate collection system

and any facility (lined or unlined) may be equipped with a ground-water

monitoring system. Leachate collection systems are used to prevent the
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migration of contamination from a landfill or impoundment. Both systems

can be used to monitor the rate and extent of contaminant migration. The

design and placement of ground-water monitoring and leachate collection

systems should take into account the manner in which a landfill or

impoundment might potentially interfere with natural ground-water flow and

usage patterns.

In surface impoundments, the leachate collection system(s) can be

placed below the entire liner system or it can be placed between any two

liners. Leachate collection systems typically consist of a drainage medi.a

(coarse sand and/or gravel) and perforated pipes (called riser pipes) that

slope toward a collection sump. The collected leachate is pumped out via

these riser pipes to the surface for treatment and/or disposal. If the

riser pipes through which the leachate is pumped perforate the synthetic

or clay liner, tight seals are necessary to ensure that the leachate does

not escape through the perforation.

In landfills, leachate control systems can be installed below all

liners (thi.s is usually called a pressure relief system), between liners

(the inter-liner leachate control system), and/or above the upper liner.

The floors of a landfill cell are designed to slope to the leachate

collection sumps and are usually covered with a drainage media such as

sand or gravel. Each leachate control system has its own collection sump,

which is emptied through riser pipes so that the leachate can be treated

or disposed appropriately. As with impoundment liner systems, riser

pipes, if they pierce the liners, must be sealed to prevent leakage.
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Ground-water monitoring wells are placed at strategic locations to

facilitate early detection of any contaminants that escape the facility

and migrate to the ground water. The design and placement of the

monitoring wells is based on site-specific hydrogeological assessmenrs,

soil chemistry, specific regulatory directives, and other physical and

chemical factors. Downgradient wells typically are used to monitor the

extent of contamination arising from a facility, and upgradient

"background" wells are installed to serve as controls.

Nest newer utility waste management facilities have ground-water

monitoring systems, and many also have leachate collection systems. In

other industries, permitted facilities sub]ect to Subtitle C regulations

are required by law to have both ground-water monitoring and leachate
16collection systems. For utility waste disposal sites, it is estimated

that about 15 percent of all facilities have leachate collection systems

and about 35 percent have ground-water monitoring systems. 17

4.2.2.3 Pre-disposal Treatment

Facilities employ a variety of waste treatment processes to alter the

physical or chemical characteristics of wastes so that they will be

compatible with the disposal method used. Treatment methods may also be

employed to comply with the effluent limitations established under the

Clean Mater Act.
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Sludge Dewatering

The most commonly used pre-disposal treatment process is sludge

dewatering. This process is often necessary so that the sludge can be

more easily handled and of a consistency suitable for landfill disposal.

This procedure can also be used for any wet coal ash or combined coal

ash/FGD sludge wastes. Most frequently, sludge dewatering is accomplished

by sedimentation of the suspended solids in surface impoundments or, in

some cases, in clarification tanks. This type of dewatering is carried

out at 80 percent of the utilities. 18

After the waste solids have had sufficient time to settle, the water

layer is drawn off the tank or impoundment and is either discharged

subject to National Pollutant Discharge Elimination System (NPDES) permits

or recycled back to the plant as sluice or cooling water. The sludge

layer containing the solid ash and other particles is allowed to

accumulate for several months (or longer), and is finally dredged after

the pond is drained. With this process, the solids content (initially
between 5 and 15 percent. by weight) can be increased to between 30 and 60

percent. The final solids content in the sludge is affected by the

sedimentation impoundment or tank design, the initial solids content, the

liquid and solids retention times, and the physical and chemical

characteristics of the solid particles.

Even after dewatering, the settled sludges often have a mud-like

consistency and still contain so much free liquid that they are
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inappropriate for landfill disposal. In this case, the sludge may be

further dewatered by natural or mechanical processes. In arid and

semi-arid areas, the sludges may be retained in the impoundments until

natural evaporation removes still more water. Sludges may also be placed

on drying beds made of screens, sand, or other drainage media designed to

allow water to percolate out by gravity, while the solids are retained.

In mechanical sludge dewatering, belt or vacuum filters, filter presses,

thermal dryers, or other processes are used. Ten percent of the utilities
19use some sort of filtration to dewater sludges. For high-volume

sludges, however, mechanical dewatering equipment may be expensive and

inconvenient to operate.

Reagent Addition

Host FGD sludges and some other wet sludges can be rendered less

chemically reactive and/or more structurally stable by adding

solidification, stabilization, or fixation reagents. This practice is not

widespread; less than 10 percent of the utilities report using these
20processes. Solidification agents, such as sawdust or soil, absorb the

liquid in a sludge but do not chemically react with the sludge.

Stabilization and fixation reagents chemically react with some portion of

the sludge -- either the water, the dissolved solids, the particulate

solids, or some combination of the three-- and, in some cases, may render

potentially hazardous material non-hazardous as a result. All of these

processes result in an increased volume of waste that contains less free

water and is easier to handle than the original waste stream. An
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additional benefit is an increase in the structural integrity (shear

stress and load-bearing potential; see Chapter Three for discussion of

these characteristics) of the waste material so that it may be placed in

deeper disposal facilities and covered with more materiel.

Low-volume Waste Treatment

The ma]or methods available for low-volume waste management and

treatment include:

co-disposal;

contract disposal;

evaporation;

incineration;

neutralization;

physical/chemical treatment; and

recycle/reuse.

The type of waste management method used most often depends on the

type of low-volume waste stream. Exhibit 4-7 shows the treatment process

commonly used for each low volume waste stream. Each of these treatment

processes is discussed briefly below.
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EXHIBIT 4-7

SUMMARY OF CURRENT HANDLING, TREATMENT AND
DISPOSAL OF Il% VOIHME WASTES

Low Volume
Waste Treatment

Predominant Disposal
Method

Waterside
Cleaning
Waste

If organic chelating agents are used,
this stream can be incinerated. If
acids are used, the stream is often
neutralized and precipitated with
lime and flocculants.

1. Co-disposal with high
volume wastes in pond
or landfill following
treatment.

2. Disposal by paid
contractor

Fireside
Cleaning
Waste

Air Preheater
Cleaning
Waste

Sometimes neutralized and precipi-
tated. For coal-fired plants most
often diverted to ash ponds with-
out treatment. If metals content
is high, chemical coagulation and
settling is used.

Settling in ash pond; neutralized
and coagulated if combined with
other streams before treatment.

1. Co-disposal with high
volume wastes in pond
without treatment.

2. Pending following
treatment.

1. Co-disposal in pond
without treatment.

2. Ponding with treat-
ment.

Coal Pile
Runoff

Neutralized by diverting to
alkaline ash pond. Pine coal material
caught in perimeter ditch is often
diverted back to coal pile.

1. Co-disposal of
sludge in landfill
after treatment.

2. Co-disposal in ash
pond.

Wastewater
Treatment

Usually ponded with ash or as a
separate waste. Sometimes solids
co-disposed with bottom ash.

1. Ponding
2. Landfilling

Make-up Water
Treatment

usually co-disposed in ash pond. 1. Co-disposal in pond.

Cooling Tower
Basin Sludge

Very little survey or literature
information; infrequent stream.
Sludge comingled with wastewater
treatment sludge.

1. Landfilling
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EKBIBIT 4-7 (Continued)

SUMMARY OF CURRENT HANDLING, TREATMENT AND
DISPOSAL OF D% VOIDME WASTES

Low Volume
Waste Treatment

Predominant Disposal
Method

Deminer'alizer
Regenerants

Equalized in tanks, then comingled
into ash ponds.

1. Ponding

Pyrite Wastes Disposed in landfills with bottom
ash or diverted to ash pond

1. Ponding
2. Landfilling

Source: EPRI, Characterization of Utili Low-Volume Wastes, prepared by
Radian Corporation, Austin, Texas, May 1985.
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Co-Disposal

Co-disposal of low-volume wastes with high-volume wastes into landfills and

surface impoundments is commonly used in the utility industry. A January 1981

EPA letter (the Dietrich memorandum) currently allows co-disposal of low-volume

wastes with high-volume wastes in landfills and surface impoundments. In a21

1985 EPRI study on low-volume waste management, about three-fourths of the power

plants interviewed co-disposed some low-volume wastes in a sur'face impoundment or

landfill. The amount of treatment necessary before co-disposal varies with the22

waste stream. Solid wastes are typically disposed directly into the waste

management facility. Liquid wastes are often routed to an interim treatment

surface impoundment. Once in the surface impoundment, evaporation occurs and the

remaining sludge is landfilled. If the liquid waste is chemically treated before

ponding, heavy metals are often removed in a treatment facility; the treated

liquid may then be reused or diverted to a surface impoundment while the residue

from the treatment process is disposed in a landfill.

Contract Disposal

Many utilities hire outside contractors to treat and dispose of low-volume

wastes. Contract disposal is most common for low-volume waste streams produced

intermittently that are difficult to treat on-site. For example, hydrochloric

acid boiler cleaning waste typically requires neutralization with high dosages of

a caustic material. Construction of an on-site treatment system for this waste

stream requires a large capital investment, although boiler cleaning wastes are

produced only over a few hours once every two to five years. As a result, some
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utilities (7 of 22 power plants surveyed in EPRI's 1985 study) employ outside
23contractors when boiler cleaning is required. The treated boiler cleaning

waste is then co-disposed on-site or disposed of off-site.

Contract disposal is also a common waste management practice for

spent ion exchange resin. In EPRI's 1985 study, of five power plants

responding, four plants hauled these wastes off-site while one power plant
24co-disposed the waste on-site.

Evaporation

Evaporation ponds are used to dispose of high concentration, low-volume

liquid wastes. Prior to final disposal, liquid wastes are diverted to an

evaporation pond, generally shallow ponds with a large surface area. The

sludge remaining after most of the water evaporates is then dredged and

disposed of in a landfill.

Incineration

Incineration of low-volume wastes includes injection into the boiler or

mechanical evaporation. This method of disposal is most common with organic

cleaning wastes (Ethylenediamide tetracedic acid (EDTA) or citrate waste).

A 1987 EPRI study examined the effect of incinerating EDTA and citrate25

wastes in a utility boiler. The findings showed that the additional metals

contributed were minimal compared to the amount contributed by the coal.
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Two of the twenty-two power plants interviewed in EPRI's 1985 study use this

method of waste disposal. 26

Neutralization

Acidic or alkaline wastes can be treated with either strong bases or

acids, respectively, to produce a near neutral stream. For example,

wastewaters, demineralizer regenerant, and coal pile runoff must typically

be within a pH range of 6.0 to 9.0 to meet Clean Water Act (CVA) and

National Pollutant Discharge Elimination System (NPDES) limits.

Neutralization can be used to achieve these levels. Similarly, hydrochloric

acid boiler cleaning waste, which may have a ph below 2.0, can undergo

neutralization to raise the ph above RCRA corrosivity guidelines (ph values

between 2.0 and 12.5 are not considered corrosive under RCRA).
27

Other Physical/Chemical Treatment

Physical and/or chemical treatment systems can be used for reducing and

removing dissolved and suspended contaminants from aqueous streams. The

most prevalent treatments incorporate pH adjustment (i.e., addition of basic

or acidic materials), precipitation (i.e., separating solids from solution

or suspension), flocculation (i.e., aggregation of fine suspended

particles), clarification (i.e., separating liquid and suspended solids) and

filtration (i.e., trapping suspended solids). The continuous waste streams

are treated to allowable levels. Boiler chemical cleaning and fireside

cleaning wastes require higher reagent doses and occasionally additional
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processing to meet Clean Water Act (CWA) and National Pollutant Discharge

Elimination System (NPDES) discharge limits for metals. Ten of the 15 power

plants questioned in EPRI's 1985 study route boiler cleaning wastes through

physical and/or chemical treatment systems prior to discharge. 28

Reuse

Reuse is a common practice for many water-based low volume wastes,

especially in water-limited regions of the country. For example, less

contaminated streams (boiler blowdown, yard drains) can be used without

treatment in cooling towers, ash handling systems, and flue gas

desulfurization systems. Other wastes, such as boiler cleaning wastes and

coal pile runoff, cannot easily be reused because they require extensive

treatment prior to reuse. If a power plant does decide to treat these waste

streams, the liquid portion of treated waste may be reused while the sludges

produced during treatment are typically landfilled.

4.2.3 Ocean Disposal

Many different types of wastes, including industrial and municipal

wastes, have been disposed at sea in the past, although the use of this

method for disposing coal combustion wastes is only in the research and

development phase. Typically, industrial and municipal wastes are shipped

out to sea and disposed at any of several regulated dump sites, which are

located anywhere from 20 miles to over 100 miles off the shore line.

Another method of ocean disposal (seldom used, however) involves pumping or
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gravity feeding wastes through a pipeline that feeds directly from the

land-based waste generating site or dump site into the ocean. When the

wastes reach the final oceanic disposal site, they either dissolve and

disperse or form a manmade reef.

The 1972 Marine Protection Research and Sanctuaries Act (MPRSA), EPA

29regulations regarding ocean disposal, and the London Dumping Convention

currently regulate ocean dumping with respect to the solids content, metals

content, and toxicity of wastes considered for this method of disposal.

4.2.4 Waste Utilization and Recovery of Various Waste By-Products

Although the majority of the waste generated by coal-fired electric

utilities is land disposed, a substantial percentage is recovered and

reused. From 1970 to 1980, an average of 18 percent of all coal ash
30generated annually was utilized; from 1980 to 1985, the average coal ash

utilization rate exceeded 22 percent, with utilization in 1985 over 27

percent of all coal ash produced. The amount of FGD sludge waste utilized31

is less than one percent of the total volume of FGD waste generated,

although more efficient FGD sludge recovery and utilization processes

currently being developed by the utility industry may increase this use.

The combined utilization rate for all high-volume coal combustion wastes,

i.e., fly ash, bottom ash, boiler slag, and FGD sludge, was about 21 percent

in 1985.
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The recovery processes are usually performed at the power plant. Use of

the recycled waste may occur on-site or the recycled product may be sold for

off-site use. Like any industrial product, the wastes to be recycled may be

accumulated on-site prior to sale and delivery.

The recovery processes and the uses for waste by-products are numerous

and quite varied:

Bottom ash currently has the highest rate of utilization
at 33 percent. It is used as blasting grit, road and
construction fill materia)& for roofing granules, and has
other miscellaneous uses.

Fly ash utilization is substantial. About 17 percent of
fly ash production is used for concrete admixture, cement
additives, grouting, road and con~rruction fill material,
and for miscellaneous other uses.

FGD wastes are not heavily utilized in the industry (less
than 1 percent), but some utilities have the capacity to
recover sulfur,3pulfuric acid, or other sulfur products
from the waste.

Some low-volume wastes (particularly solvents) that are
segregated from the high-volume waste streams are
potentially recoverable or available for other uses.

Numerous other recovery processes and utilization
techniques are currently in the research and development
phase. At this time, however, the Agency is unaware of
any advances in recovery processes that will significantly
change the proportion of coal combustion wastes that are
disposed.

There are a variety of different options currently available for the

utilization of fly ash, bottom ash, and boiler slag from coal-fired electric
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utilities. All types of coal ash are appropriate for use as construction

materials, as cement additives, and for several other uses. Coal ash

utilization is primarily centered in the southeast and north central United
35States.

Most fly ash and some bottom ash exhibit pox~so a (bonding) properties

that is, the dried materials are cohesive and exhibit high shear strength

and compressive load-bearing characteristics. These properties make ash an

appropriate substitute for portland cement for many applications, including

concrete production, standard cement production, and for special uses such

as for the production of road base cement or even grouting.

Cement made with fly ash may be preferable to regular portland cement

for some applications. One of the key benefits is the absence of heat

release while the concrete or cement mixture cures; this absence of heat

generation means that the design structural strength is more likely to be

achieved. However, the use of fly ash and bottom ash as cement substitutes

is limited because of the wide variability in ash composition, even in ash

originating from the same coal supply or utility. The presence of metals in

the ash can reduce the structural integrity of the final concrete by

preventing the necessary chemical bonding. The presence of large quantities

of sulfates or nitrates will also interfere with the pozzolanic properties.

Because of this bonding interference, fly ash and bottom ash are thought to

be able to replace no more than 20 percent of the cement used (or about 15

36million tons of ash annually). Improvements in utilization techniques may

reduce the bonding interference and increase the reutilization potential of
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fly ash; however, the Agency is unaware of technical advances at this time

that will allow substantially greater utilization in cement applications.

Fly ash and bottom ash are also commonly used as high-volume fill for

various construction materials. The pozzolanic properties of these

materials facilitate soil stabilization, making them desirable as fill
additives. Coal ash has been used as fill in asphalt, road bases, parking

lots, housing developments, embankments, and to line on-site disposal

facilities at the utilities. In the future, numerous other construction

applications may use coal ash as fill, particularly if the ash is available

at lower cost than standard fill materials. However, the use of ash as fill
is limited somewhat because of the variability of the ash composition.

Bottom ash and boiler slag have been used as substitutes for sand in

sand-blasting operations and road de-icing. Ash and slag particles are

similar in size and density to sand particles. In areas where sand is

costly to transport, these wastes can be economical substitutes. Ash is

less corrosive than salt and could therefore be a preferable de-icing

material, although in some municipalities the use of ash for de-icing has

been prohibited due to public concern over aesthetics (e.g., ash residue on

cars).

A variety of minor uses for fly ash and bottom ash have been considered,

some of which have already been implemented at a small number of utilities.
For example, bottom ash has been used for granular roofing material. Fly

ash has been used by some facilities as a stabilization reagent for acidic
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aqueous or semi-solid hazardous wastes: the high-pH fly ash reacts with

other, low-pH waste to generate a neutral solution and to simultaneously

precipitate dissolved metals as oxides and hydroxides. Because the fly ash

exhibits pozzolanic properties, the ultimate waste product, when dried,

often resembles concrete. The metals from the original waste stream are

usually so strongly bound within the chemical structure of the final waste

product that they will not leach out, even under acidic conditions.

Because fly ash has some of the same physical characteristics as a silty
clay, fly ash may be used as an additive to clay liners for waste management

facilities, particularly for impoundments. Fly ash is cohesive and fairly

impermeable when properly compacted, and mixes well with some of the clays

used in impoundment liners. However, because chemical composition of fly

ash is variable, its utilization as liner material may be limited. If
methods are improved to be sure that minimum permeability and shear strength

requirements could be maintained over time, then the use of fly ash as an

impoundment liner material may increase.

Fly ash has been used occasionally as a soil conditioner to increase the

pH of acidic soils, thereby enhancing crop growth. Fly ash can also

contribute minerals to the soil. However, soil conditioners in common use

today, mostly agricultural limestones, are so inexpensive and easy to obtain

that it would be difficult to penetrate this market with a fly ash product.

There are few processes currently available for recovery of materials

from coal ash. One facility has had some commercial success at producing
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37magnetite from fly ash. Magnetite recovered from fly ash actually

contains a higher percentage of magnetics than does natural magnetite,

making it a more efficient coal cleaning agent. This particular technology

shows some promise of expanding; other processes, mostly for metals

recovery, are in the development stage. Recovery processes for alumina and

titanium are at an advanced stage of development. However, while both these

technologies have been proven feasible, neither is currently economically

competitive with ore-processing technologies. Another potential metal

recovery process, dubbed the DAL process and still in the research stage,

involves a series of relatively simple operations that can be performed with

commercially available process equipment to recover various metals from fly

ash. Theoretically, this process could show a substantial return on

38investment soon after the recovery facility began operating.

There is little information available to the Agency on the environmental

effects of utilization of coal combustion wastes. For many applications,

such as the use of coal ash in cement and concrete products, it would appear

that any adverse environmental impacts would be minimal. To the extent that

coal combustion wastes can be recycled in an environmentally acceptable

manner, utilization would help to reduce the amount of waste disposed. The

Agency is very interested in reducing the amount of waste that needs to be

disposed by the utility industry; however, barring major breakthroughs in

recycling techniques, it appears the potential for significantly increasing
39the amount of waste utilization may be limited. Given current utilization

techniques, the Agency expects that the major portion of coal combustion

wastes will continue to be land disposed.
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FGD Wastes

The prospects for utilization of FGD sludge are less promising than

those for ssh utilization. FGD sludge is not structurally stable or strong

enough to serve as a construction material, nor does it show the pozzolanic

properties required for a cement substitute. Current research in the field

of FGD sludge utilization is focusing on a dry scrubber method in which

reagents will be used to precipitate the FGD waste streams as dry gypsum

powder. Gypsum is sold for use in wallboard; however, there is currently a

glut on the market, and in any case, other sources of gypsum may be

preferred because the gypsum produced from FGD is often of lesser quality.

Some researchers are making an effort to find a reagent that will

precipitate a dry powder which, when mixed with water, will exhibit

pozzolanic properties and will harden to a concrete-like material. No

testing has been done, however, as the research is still in the conceptual

stage.

Although by-product utilization of FGD sludges comprises less than one

percent of total sludge production, a much greater percentage of FGD

by-products may be recoverable in the very neer future since two full-scale

recovery processes and one test-scale recovery process for FGD by-products

are currently under development. Of the two full-scale processes, the

Wellman-Lord process recovers both sulfuric acid and elemental sulfur from

the waste stream, while the magnesium oxide scrubber process recovers only
40sulfuric acid. The citrate scrubbing process, currently in the testing

phase, recovers elemental sulfur. FGD recovery processes currently in the
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research stage will be used to recover elemental sulfur, sulfuric acid, and

gypsum from the FGD process, and should be available for full-scale use
41within the next decade. All recovery processes for FGD wastes generate

both a by-product stream and a waste stream that must be disposed.

imw-Volume Utility Vsstes

EPA currently assumes that most low-volume utility wastes are

co-disposed with the high-volume wastes or, in some instances, burned in the

boiler at the power plant, although little data exist that accurately

describe industry-wide practices on low-volume waste disposal. Since42

co-disposal is a common industry practice, low-volume wastes do not have

specific processes associated with their recovery or utilization. Although

this practice of co-disposal (or burning) may continue into the future,

certain waste streams, such as spent cleaning solvents, might be recovered

by distilling and collecting the solvents at high temperature, which would

leave a low-volume residue to be disposed. The recovered solvent could then

be reused on-site as a cleaning solvent or sold to another facility. If an

organic solvent were contaminated in such a way that contaminant removal

were difficult or impossible, the contaminated solvent could be burned, For

low-volume waste streams burned in the boiler, these wastes could be

transported to an off-site facility that would burn them as fuel. If
low-volume wastes were considered hazardous, regulations might restrict the

burning of these wastes, potentially making this option infeasible. 43
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Other recovery schemes for individual low-volume waste streams may be

developed if these streams are segregated from the high-volume wastes. At

this time, however, few recovery processes and utilization techniques have

been considered separately for low-volume utility wastes.

Recycled Effluent

Approximately 25 percent of the utilities that utilize surface

impoundments recycle some of their pond effluent back to the plant. If44

the recycled effluent is used as sluice water, the system pH may increase to

values well above 10. The recycled effluent may also be used as cooling

water prior to ultimate discharge. Although effluent recycling is not a

waste recovery or utilization technique, it can affect the chemical

characteristics of the solid wastes that may come into contact with the

recycled water.

Coal combustion waste management practices by electric utilities vary

widely across the industry. State regulation, regional factors such as land

availability and water availability, and age of the power plant all have an

effect on the type of waste management practices that are employed.

Alternative practices, such as ground-water monitoring and leachate

collection, are used by some utilities, and in some states are mandated by

regulation. A significant portion of coal combustion by-products are

recovered and utili.zed for various purposes.
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All but one state regulates the disposal of coal
combustion wastes under their hazardous or solid waste
disposal regulations. One state exempts these wastes from
regulation.

State solid waste regulations applicable to coal
combustion wastes vary widely across the country.
Generally, solid waste regulations require that disposal
facilities have permits; location restrictions and
standards related to liners, leachate control, and
ground-water monitoring are applied on a case-by-case
basis.

Currently, about 80 percent of all coal-fired power plant
wastes are lend managed; the remaining 20 percent are
recycled or recovered. The most common types of di.sposal
facilities used by utilities generating coal-fired wastes
are surface impoundments, landfills, and abandoned mines.

Currently, about 25 percent of utility treatment, storage,
and disposal facilities that receive combustion waste are
lined. About 15 percent of all facilities have leachate
collection systems, and 35 percent have ground-water
monitoring.

Newer facilities are more likely to be lined, have
leachate collection systems, and ground-water monitoring
systems. Nore than 40 percent of all generating units
constructed since 1975 use lined disposal facilities.
About 20 percent of all high-volume combustion wastes,
particularly fly ash and bottom ash, are recycled,
primarily as cement additives, high-volume road
construction material, or blasting grit.
About 99 percent of FGD wastes are currently disposed;
however, recovery of sulfur and sulfur products from FGD
wastes is a developing and promising technology.
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Veld, Harkrader & Ross, u e o ate ws and Re at o
Governin Dis osal of Util t Coa -Combustio B roducts, for the Utility
Solid Waste Activities Group (USWAG), 1983.

States have probably followed U.S. EPA's lead in exempting coal
combusting wastes. Many states'egulations explicitly refer to 40 CFR 261.4,
or use the clause's exact wording.

The following State officials were interviewed: Brett Bettes, Solid
Waste Division, Washington Department of Ecology, January 6, 1987; Ken Raymond,
Industrial and Solid Waste Division, Oklahoma Department of Health, December
31, 1986; Dwight Hinch, Division of Waste Management, Tennessee Department of
Health, December 31, 1986; Shelby Jett, Division of Waste Management, Kentucky
Department of Environmental Protection, January 6, 1987; Vincent Nikle,
Assistant Liaison's Office, New Jersey Department of Environmental Protection,
December 17, 1986.

According to Maine's Solid Waste Management. Regulations: "More
Stringent Criteria for Large-Scale Disposal of Oil, Coal and Incinerator Ash:
Because of the concentration of heavy metals in residues from the combustion of
municipal solid waste or the combustion of oil or coal, including bottom ash
and fly ash, disposal of such ashes when they occur in amounts that exceed a
total accumulation of 20 cubic yards of coal ash ... per week over any
one-month period shall be confined to a secure landfill. For the purposes of
these rules, a secure landfill shall mean a landfill with a liner and a
leachate management system." (Maine's Solid Waste Management Regulations,
Chapter 401.2.3.).

The exhibit assumes that both on-site and off-si.te permits are required
unless the regulations explicitly state otherwise.

See Chapter One for discussion of the regulation of low-volume utility
waste streams.

Waste piling, a method occasionally employed by utilities, is not
discussed in this report. Waste piles are mounds of ash placed on the ground
and covered with soil.

U.S. Department of Energy, m acts of Pro osed RCRA Re lotions and
Other Re a ed Federal Environmental Re ulations on Utilit Foes e -Fired
Facilities, Volume II. 1983.

9 See Chapter 6 for a discussion of disposal costs.
10 Hailer, W.A., J.E. Harwood, S.T. Mayne, and A. Gnilka, "Ash Basin

Equivalency Demonstration (for treatment of boiler cleaning wastes containing
heavy metals)," Duke Power Company, 1976.
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11 Envirosphere Company, E vironmental Settin s and So id es ues
o n the E ectr c Utilit ndust , EPRI Report EA-3681, 1982.

~bid.

~bid.
14

A low-permeable clay is one that has been detyrmined in laboratory
testing to have a permeability coefficient, K, of 10 cm/sec or less.

15 There are one thousand mila per inch.
16 See 40 CFR 264.

17 Engineering-Science, ack round Data on Ut li o s Fue - ed
11 1, p p d f OEOOE, Offi f P 11 E Ep, ifdp.

18
~ib d.

/bid.
20

EPRI Journal, 1985, ~o . cit.
21 EPRI, Manual for Low-Volume Wastes From Fossil-Fuel-F red ower lants,

prepared by Radian Corporation, 'Austin, Texas, July 1987.

22 EPRI, Characterizati o Ut t ow-Vo W ates, prepared by Radian
Corporation, Austin, Texas, May 1985.

Ib 1&1.

Ibi&1.

EPRI, 1987.

EPRI, 1985.

EPRI, 1987.

EPRI, 1985.

29 40 CFR 228, Criteria for the Management of Ocean Disposal Sites for
Ocean Dumping.
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30 Envirosphere Company, "Economic Analysis of Impact of RCRA on Coal
Combustion By-Products Utilization" in e ort, ec ca dies e
is osal and Utilization of Fossil-Fuel Combustio - roducts, Appendix G,

prepared for Utility Solid Waste Activities Group (USWAG), October 1982.

31 Information compi,led by the American Coal Ash Association on 1985 ash
utilization, August 1, 1986.

32
EPRI Journal. 1985. ~o . cit.
Ibid.

~bid.

USWAG, 1982.

36 EPRI Journal. 1985. ~o . cit.
37

USWAG. 1982. ~o . cit.

~lb d.

39 For example, see comments by Garry Jablonski, section manager of ash
utilization for the American Electric Power Company, "Coal Ash Market Report,"
Vol. 1, No. 9, July 15, 1987.

40
EPRI, State-of-the- rt of FGD Slud e Fixatio , 1978.

Ibid.
42 Envirosphere Company, Informat o es o to EP 's e ue t e ardin

urnin and Co- eatme t Co-Dis osal of Low Volume Wastes Generated t Fossil
e ect c Ge e t'tations, prepared for USWAG and Edison Electric

Institute, August 1981.

43 The economics of burning these wastes would depend on the applicable
regulations. Regulations concerning the burning of hazardous wastes are
currently being developed and are scheduled for final promulgation in mid-1987.

44 U.S. Department of Energy. 1983. ~0 . cit.
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CHAPTER FIVE

POTEHTIAL DANGERS TO HUMAH BEAISB ABD TBE EHVIRORHEBT

Under Section 8002(n) of RCRA, EPA is to analyze the "potential danger, if
any, to human health and the environment from the disposal and reuse" of coal

combustion wastes and "documented cases in which danger to human health or the

environment from surface runoff or leachate has been proved." This chapter

examines potential and documented dangers to human health and the environment

caused by wastes generated from the combustion of coal at electric utility
power plants.

As described in Chapter One, special large volume wastes, including coal

combustion wastes, are to be treated differently under RCRA than other

industrial wastes. Due to the extremely large volume of coal combustion waste

and the expectation of relatively low risk from its disposal, Congress directed

EPA to evaluate all the factors in 8002(n) of RCRA in determining whether

Subtitle C regulation is warranted. The danger from coal combustion waste

management is only one of the factors EPA must consider. In order to provide a

starting point for evaluating the potential danger from coal combustion waste

management, this chapter begins by providing the reader with background

information on the characteristics that an industrial solid waste must exhibit

to be considered hazardous under RCRA, and then looks at which of these

characteristics apply to coal combustion wastes. The next section analyzes

several studies that monitored ground-water and surface-water concentrations in

and around coal combustion waste disposal sites and documented the number of

times that drinking water standards were exceeded. The third section of this
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chapter reviews studies that compiled and evaluated reported incidences of

contamination to ground water and surface water due to the disposal of coal

combustion wastes. Finally, the fourth section analyzes the factors affecting

the exposure of humans, animals, and plants to contaminants from coal

combustion waste by examining environmental setting and population data for a

random sample of 100 coal-fired utility power plants.

5.1 RCEA SUBTITLE C ~S WASTE CHARACTIIISTICS
AHD LISTIHG CRITERIA

Under RCRA, solid wastes are classified as hazardous if they exhibit

characteristics of ignitibility, corrosivity, reactivity, and/or EP toxicity as

defined by RCRA or if they are listed as hazardous by the Administrator.

'M11 f h d y f b
catch fire. A liquid waste is ignitable if it has a
flash point less than 60 0, as determined by
EPA-specified test protocols. A non-liquid waste is
ignitable if, under standard temperature and pressure, it
is capable of causing a persistent, hazardous fire
through friction absorption of moisture, or spontaneous
chemical change.

~d' f ' 'by 1 1 h
waste's pH, the value used to express relative acidity or
alkalinity. A pH value of 7.0 is neutral; substances
with a pH less than 7.0 are acidic, while those with a pH
greater than 7.0 are alkaline. A waste is corrosive, and
therefore hazardous, if it is aqueous and has a pH less
than or equal to 2.0 or greater than or equal to 12.5. A
waste is also corrosive if it is liquid and corrodes
steel at a rate greater than 6.35 mm per year. The pH
measurements and the corrosion rate must be determined
using EPA-approved methods.

f h b'1'y f *1
Wastes that are highly reactive and extremely unstable
tend to react violently or explode. A waste is reactive
if it undergoes violent physical change without
detonating, if it reacts violently with water, if it
forms a potentially explosive or toxic mixture with
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water, or if it is capable of detonating or exploding at
standard temperature and pressure.4

~ xtraction Procedure EP Toxicit is determined from a
laboratory procedure desi.gned to simulate leaching from a
disposal site under actual disposal conditions.5
Concentrations in the effluent from this test are
compared with the Primary Drinking Water Standards (PDWS)
of eight constituent metals to determine whether a waste
is hazardous. A waste is EP toxic if it produces a
leachate using an EPA-approved procedure that has
concentrations of contaminants that are 100 times the
PDWS 6

Wastes are also regulated as hazardous wastes under Subtitle 0 if the

Administrator lists them in 40 CFR 261.31-261.33. The Administrator may list
wastes using several criteria:

~ if they are ignitable, corrosive, reactive, or EP toxic
as described above.

~ if they have been found to be fatal to humans in low
doses, or, in the absence of data on human toxicity,
fatal to animals in laboratory tests (these wastes are
designated Acute Hazardous Wastes).I

~ if they contain any of the toxic constituents listed in
Appendix VIII of 40 CFR 261, unless the Administrator,
after considering the factors contained in 40 CFR
261.11(a)(3), concludes that "the waste is not capable of
posing a substantial present or potential hazard to human
health or the environment when improperly treated,
stored, transported or disposed of, or otherwise
managed." The factors that the Administrator may
consider include the toxicity of the constituent, the
concentration of the constituent in the waste, the
potential for degradation, the degree of bioaccumulation
to be expected from the constituent, and the quantities
of the waste ~enerated. These wastes are designated
Toxic Wastes.

Determining whether coal combustion wastes show any of the hazardous

characteristics is important in analyzing potential danger to human health and

the environment. In general, most coal combustion wastes, such as ash and FGD

sludge, are not ignitable. Reactivity is also generally not a characteristic



EXHIBIT DJW - 4.6 
Page 196 of 372

ELEC
TR

O
N
IC
ALLY

FILED
-2019

February
26

2:53
PM

-SC
PSC

-D
ocket#

2018-319-E
-Page

55
of141

5-4

of concern for coal combustion wastes. The chemical and physical

characteristics of most coal combustion wastes identified in Chapter Three

indi.cate that these wastes are very stable and will likely not react with other

substances in their disposal area. The remainder of this section will analyze

data on coal combustion wastes to see if these wastes exhibit the

characteristics of corrosivity and/or EP toxicity.

5.1.1 Corrosivity of Coal Combustion Wastes

Under current RCRA regulations, only liquid wastes cen be considered

corrosive. Coal combustion ash, therefore, could not by itself be considered

corrosive, even if it generates a corrosive leachate.

For wastes that are aqueous, a waste is corrosive if its pH is less than or

equal to 2.0 or greater than or equal to 12.5. Available data indicate that the

pH values of most waste streams of coal-fired power plants do not fall within

these ranges; in fact, the only wastes that may be classified as corrosive

according to the above definition are water-side, hydrochloric acid-based

cleaning wastes, which have had measured pH as low as 0.5 (see Exhibit 3-26).

In an EPRI report on low volume wastes (see section 5.1.2) three samples of

hydrochloric acid-based boiler cleaning waste all had pH levels less than 2.

However, these wastes are often neutralized before disposal. Several other

waste streams have pH levels which fall very near the corrosive ranges. Most of

these are also low volume wastes. Boiler blowdown has measured pH as high as

12, with a range of 8.3-12 (see Exhibit 3-20), and coal pile runoff has measured

pH as low as 2.1, with a range of 2.1-6.6 (see Exhibit 3-21). Sludge from

dual-alkali FGD processes using eastern coal is a high volume waste with
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measured pH of approximately 12.1 (see Exhibit 3-17). Chapter Three contains a

complete description of these wastes.

Several studies of coal combustion waste streams surveyed in this chapter

indicate that the alkalinity or acidity of coal combustion wastes, while not

necessarily falling in the RCRA corrosive ranges, may occasionally reach levels

of potential concern. For example, pH readings of waste fluids taken during a

study by Arthur D. Little were as high as 11.4 (see Section 5.2.1). Three case

studies described in Appendix D (a study of 12 Tennessee Valley Authority power

plants, an individual study at the Bull Run Power Plant, and a study of the

Savannah River project) showed pH readings of waste fluids at 2.0, 3.5, and 2.9,

respectively. Section 5.3.1 describes a documented case in which highly

alkaline coal combustion waste (pH 12.0) caused substantial harm to aquatic life
after it accidentally spilled into Virginia's Clinch River in 1967.

5.1.2 Extraction Procedure (EP) Toxicity of Coal Combustion Wastes

Current RCRA regulations (40 CFR 261.24) specify that if a leachate"',

extracted using an EPA-approved extraction procedure contains any of the metals

shown in Exhibit 5-1 at concentrations equal to or greater than the given limit,

the waste is classified as EP toxic and, unless otherwise exempted, will be

subject to Subtitle C regulation. The concentrations shown in Exhibit 5-1 are

100 times the current Primary Drinking Water Standards (PDWS) established by the

Safe Drinking Water Act for those constituents.

Waste extraction tests are used to predict the type and concentration of

constituents that may leach from a waste disposal site under field conditions.
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EXHIBIT 5-1

HAXIMOH CONCENTRATION OF CONTJHiINANTS FOR
CHARACTERISTIC OF EP TOXICITY

Contaminant Level

Arsenit

Barium

Cadmium

Chromium

Lead

Mercury

Selenium

Silver

5.0 mg/1

100.0 mg/1

1.0 mg/1

5.0 mg/1

5.0 mg/1

0.2 mg/1

1.0 mg/1

5.0 mg/1

Source: 40 CFR 261.24, January 16, 1987.
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Most. extraction tests are conducted by mixing or washing a waste sample with a

water-based solution of a specified composition for a specified length of time.

The resulting leachate solution is then separated from the solids and tested for

constituent concentrations.

5.1 2 1 Types of Extraction Procedures

Several different types of waste extraction procedures are described in

detail below. Although under current regulations only the Extraction Procedure

(EP) toxicity test is used to determine whether a waste is EP toxic, EPA has

recently proposed a new procedure, the Toxic Characteristic Leaching Procedure

(TCLP), to replace the EP test (see Federal Register, Volume 51. Ho. 114, June

13, 1986, p. 21648). Furthermore, in the period since EPA has promulgated the

Extraction Procedure (EP) toxicity test, many people have alleged that the EP

provides an inappropriate measure of leaching under field conditions. For these

reasons, EPA has reviewed the results of other extraction procedure tests as

well as the EP. To the extent that the results of these other procedures on

coal combustion wastes are generally consistent with the EP results, the debate

over whether the EP test is appropriate or not is moot. Three of the extraction

tests described below (EP, TCLP, and ASTM) are batch leaching tests. Batch

tests are conducted by placing a waste sample in a water-based solution for a

specified period of time. The fourth procedure, the column test, passes a

solution through the waste.

~ The procedure for the standard EPA extrac)ion test, the
xtraction Procedure EP toxicit test, requires

obtaining a waste sample of at least 100 grams and then
separating the liquids from the solids. The solid
portion is placed in a container along with 16 times its
weight in deionized water, and continually agitated at
20-40 C. Throughout the test, the pH of the batch
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mixture is monitor'ed. If the solution remains above pH
5.0, acetic acid is added to maintain a pH of 5.0. If
the solution is less than pH 5.0, no acetic acid is
added. If the pH of the batch solution i.s not below 5.2
after the initial 24-hour agitation period, the pH i.s
ad)usted to 5.0 + 0.2 at the beginning of each hour
during an additional 4 hour agitation period. After
agitation, the leachate solution is then separated from
the solid portion, and the liquid extracted from the
original waste sample is added to the leachate solution.
These combined liquids are then tested for constituent
concentrations.

oxic C a acte s c Leachin P oc dure ('f(LP), which EPA
has proposed as a replacement foz the EP, uses a
different leaching solution depending on the nature of
the waste being tested. For wastes of low alkalinity, a
pH 5.0 acetic acid/sodium acetate buffer is used for
extraction. If the waste is more alkaline, a normal
acetic acid solution is used. Unlike the EP toxicity
test, the TCLP can be used for volatile waste
constituents.

e e ic n Societ o est n and Materia s (ASTM)
developed the ASTM A procedure, which requires 48-hour
agitation of a 1:4 mixture of waste to distilled
deionized water. Another test, ASTM B, involves the
extraction of waste cons(jtuents in a buffered acetic
acid solution of pH 4.5. ASTM D, similar to ASTM A,
involves the 48-hour agitation of a 350-gram sample with
1400 milliliters of deionized distilled water, and the
filtering of the aqueous phase, after agitation, with a
0.45 micron filter.

~ Unlike the batch testing methods described above, the
column test is conducted by passing a solution through
the waste. This test process simulates the migration of
leachate and ground water through waste, but still cannot
duplicate field conditions perfectly. Because there is
no standard column test procedure, column tests aze
described individually in the studies reviewed in the
next section of this chapter.

The results of various studies (conducted with the above-mentioned

extraction tests) on the leaching of constituents from coal combustion wastes

are discussed below.
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5.1.2.2 Results of Extraction Tests

Tetra Tech Study

In 1983 Tetra Tech conducted a literature review for the Electric Power

Research Institute (EPRI) and reported results from a number of leachate
13extraction studies. An examination of the results of various leeching tests

(EP toxicity test, ASTM A, and ASTM B) on coal ash and flue ges desulfurization

(FGD) sludge revealed that results differed by waste type and were ultimately

dependent upon the source of the fuel (see Exhibit 5-2) and the mechanics of

combustion. The study results were presented separately for ash and FGD sludge.

Results of the batch leaching tests (EP, ASTM A, and ASTM B) reported in the

studies reviewed by Tetra Tech were presented as averages of the element

concentrations found in numerous runs of one type of extraction test. Ranges of

the concentrations were sometimes presented as well. Depending on the

laboratory that ran the test, EP, ASTM A, and ASTM B batch leaching tests were

run on as few as 3 and as many as 62 samples.

Tetra Tech reviewed 457 EP tests on various types of ash. Results from

these EP tests show a geometric mean concentration for selenium equal to its
PDWS. Geometric mean concentrations for the other 7 metals were below their

respective PDWS. The maximum concentrations were 4 times the PDWS for silver,

29 times for arsenic, 8 times for barium, 140 times for cadmium, 14 times for

chromium, 4 times for mercury, 5 times for lead, and 17 times for selenium.

Tetra Tech also reported results from 202 ASTM A tests on ash. Selenium was
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EKHIBIT 5-2

EFFECT OF GEOGRAPHIC COAL SOURCE
ON ELEMENT CONCENTRATION IN ASH

Element

Arsenic

Geo ra hic Va ation

low in western coal ash; difference in
concentration between eastern coal and
midwestern coal ashes indistinguishable

Barium

Cadmium

Chromium

highest in western coal ash

most concentrated in midwestern coal ash

low in western coal ash; difference in
concentration between eastern and
midwestern coal ashes indistinguishable

Mercury highest in eastern coal ash; all
distributions highly skewed toward high
concentrations

Lead

Selenium

highest in midwestern coal ash

similar in eastern and midwestern coal
ash; lower in western coal ash

Strontium highest in western ash; lowest in
midwestern ash

Vanadium similar in eastern and midwestern coal
ash; lower in western coal ash

Zinc highest in midwestern ash; lowest in
western ash

Source: Tetra Tech, Inc., Ph sical-Chemical Characte istics o U ili Solid
Wastes, prepared for Electric Power Research Institute, EA-3236,
September 1983.
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the only constituent with a geometric mean concentration greater than the PDWS,

at s level approximately 2 times the PDWS. The maximum concentrations were less

than the PDWS for silver and mercury. For the other elements, the maximum

concentrations from the ASTM-A procedure were 7 times PDWS for arsenic, 4 times

for barium, 1.3 times for cadmium, 10 times for chromium, 5 times for lead, and

48 times for selenium.

Cadmium was the only consti.tuent in fly ash leachate extracted using the EP

for which there was a maximum concentration over 100 times the PDWS (and

therefore above the EP toxicity level). The EP produced a leachate that had a

maximum cadmium concentration 140 times the PDWS. However, the average cadmium

concentration for the 62 EP samples was only half the PDWS. Tetra Tech did not

report the percentage of samples whose cadmium concentration exceeded 100 times

the PDWS. In general, the more acidic or alkaline the leaching solution, the

higher the concentrations of leached constituents. Tetra Tech concluded that

the geometric mean concentrations from the EP and ASTM-A tests were similar.

The results of the EP and ASTM-A tests are presented in Exhibit 5-3.

Tetra Tech also revi.ewed data from a number of column tests on coal ash.

The test results did not show any concentrations greater than 100 times the PDWS

for any element tested. One test was conducted during a two-year period using a

continuous-flow method to produce leachate from fly ash. In another test, fly

ash and bottom ash were packed separately in glass columns, each of which was

leached for 27 days with 200 milliliters per day of either distilled water,

dilute base, or dilute acid. For a third test, fly ash and bottom ash were

packed in water-saturated glass columns. At one-week intervals, the columns

were flushed from below at a moderate rate for two hours. This test was
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intended to simulate the intermittent wetting to which some ash disposal sites

are subject.

Partly because flue gas desulfurization (FGD) technologies have only

achieved widespread commercial usage in recent years, FGD sludge has not been as

thoroughly characterized as coal ash. However, the Tetra Tech study reported

the results of tests performed on sludges from a number of scrubber processes,

including the lime/limestone/alkaline fly ash process, the dual alkali/sodium

carbonate process (both these processes produce "lime sludge" and are the main

technologies currently in use), and the spray drying process (this process

produces calcium-based dry scrubber sludge and may be used more extensively in

the future).

Results from EP tests on calcium-based dry scrubber sludge showed a maximum

concentration of cadmium that was 150 times the PCS, above the EP toxic level.

Arsenic and selenium were also analyzed using the EP test; the maximum arsenic

concentration was 32 times the PCS and the maximum for selenium was 1.8 times

the PDWS. No other constituents were tested for this waste stream. (Results

from the EP studies on calcium-based dry scrubber sludge were not averaged but

reported as ranges - the number of tests performed was not given).

Tetra Tech also presented results of EP tests on lime sludge. These tests

measured concentrations of all EP toxicity constituents, and none were found to

be at EP toxic levels,

Tetra Tech also reported on column tests performed on FGD sludge. In one

column test, calcium-based dry scrubber sludge was leached with deionized water
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for 11 months. In another, various proportions of fly ash, wet calcium sulfate

(i.e., gypsum), calcium sulfite precipitate, and calcium oxide (lime) were

mixed, cured for 500 days, and leached with deionized water that was forced

through the waste columns. The leaching test results (reported in a manner

similar to that for reporting results of coal ash leaching studies) indicated,

on the basis of an unreported number of tests, that PDWS constituents in lime

sludge and calcium-based dry scrubber sludge leached at concentrations that

exceeded their PDWS by multiples of less than 5 for silver, 32 for arsenic, 2

for barium, 30 for chromium, 10 for lead, and 15 for selenium; the concentration

of mercury found in sludge leachate matched its PDWS. No constituents were at

concentrations above 100 times the PDWS.

In summary, none of the coal ash or FGD sludge leeching studies reviewed by

Tetra Tech showed constituent concentrations greater than 100 times the PDWS,

with the exception of cadmium from calcium-based dry scrubber FGD sludge and

from coal ash. Both results were from EP toxicity procedure tests. The

behavior of these wastes primarily depended on the source of the fuel and the

mechanics of combustion. Tetra Tech concluded that there were gape in the

characterization of these wastes that made definitive conclusions difficult to

reach.

Department of Energy Study

The Department of Energy (DOE) conducted a compilation study of leaching

test results, Anal tical As ects of the Fossil Ener Waste Sam lin a d

14Characterization Pro'ect, for the purpose of generating a data base on the
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leaching characteristics of coals and their combustion wastes. The EP test was

compared to a water leach test developed by ASTM (this test later became ASTM D)

and evaluated to determine the precision of the EP toxicity method when applied

to coal wastes. In their summery of the collected data, DOE reported that for

six of the analyzed constituents there were no significant differences between

the testing results derived from the two methods. The results of 2492 separate

extraction tests for the eight PDWS constituent metals (arsenic, barium,

cadmium, chromium, lead, mercury, selenium and silver) indicated that none of

the metals leached at concentrations that exceeded the PDWS by 50 times, and

most leached at concentrations less than 10 times the PDWS. This was true for

both the EP test and the ASTM test.

Arthur D. Little Study

EPA sponsored a study by Arthur D. Little, Inc. (see Section 5.2.1) which

included EP Toxicity tests on 20 fly ash samples from 16 power plants and 3 FGD

15waste samples from 3 power plants. The names of the plants from which the

samples were tahen were not revealed because 'Arthur D. Little did not consider

the single "grab" samples obtained for testing to be representative. The EP

test results showed no EP toxic levels in the extracted leachates of any

samples. Silver and mercury concentrations were below the reported detection

limits of .001 mg/1 and .002 mg/1, respectively, for all samples. Lead was

detected in only three out of seventeen samples. Other PDWS constituents

(arsenic, cadmium, chromium, selenium, and barium) were detected, but all were

found at concentrations less than 100 times the PDWS. In contrast to the Tetra

Tech study reported above, leachates extracted from FGD samples had

concentrations of PDWS constituents that tended to be lower than the
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concentrations in leachates extracted from fly ash samples, whereas the Tetra

Tech report indicated that, in general, higher concentrations of PDWS

constituents were leeched from FQD sludges than from coal ash. This discrepancy

may be due to variations in the wastes themselves, which, in turn, are due to

differences among coals derived from different sources. Results of the Arthur

D. Little study are presented in Exhibit 5-4.

Battelle Pacific Northwest Study

In another study for the Electric Power Research Institute (EPRI), Battelle

Pacific Northwest reviewed data developed during a round-robin study that

compared results from three laboratories performing both the EP and TCLP

16tests. Battelle Northwest compared the two extraction procedures by looking

at the ratio of the mean TCLP concentrations to the mean EP concentrations for

each element. These ratios fell within the range of 0.8 to 1.2 about 60 percent

of the time. Only 15 percent of the ratios exceeded 2.0. In 83 percent of the

comparisons, the TCLP test leachate contained greeter concentrations of the PDWS

17constituents than the EP test leachate.

Battelle compared the maximum mean concentration of each compound (taken

from the pool of averaged results for each constituent from both EP and TCLP

testing of all the waste samples) with the corresponding PDWS. This comparison

indicated that for both the EP and the TCLP procedures, concentrations of

silver, barium, and mercury were less than the established PDWS for those

metals, whereas the concentration of arsenic was 21 times the PDWS; cadmium, 25

times; chromium, 13 times; lead, 4 times; and selenium, 14 times.
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University of Alberta Study

The University of Alberta conducted e study for EPRI that involved passing a

water-based solution through a series of columns with increasing ash
18concentrations. The study results indicate that while some constituent metals

were initially released or mobilized from the wastes using this method, these

same constituents were attenuated in columns further along in the series.

Boron, selenium, and arsenic were initially mobilized, but only boron remained

mobilized to a significant extent. Arsenic and selenium interacted in

successive columns such that the movement of arsenic and selenium through the

system was retarded.

In addition to studying the test leachates, the University of Alberta

researchers studied the fly ash itself to determine the processes that affect

the migration of metal constituents. The study results indicated that some

constituents are not uniformly distributed within the fly ash particles. The

fly ssh particles typically consist of an interior "glass" matrix covered by a

relatively reactive and soluble exterior coating. The study found that arsenic

and selenium were concentrated almost exclusively in the coating of the fly ash

particles and thus were readily leached; the barium concentration was split

evenly between the interior and exterior of the particles; about 75 percent of

the cadmium and chromium were concentrated in the interior glass matrix; and

almost all the lead was concentrated in the interior glass matrix and was,

therefore, not readily mobilized.

The study attributed the uneven concentration of constituents in the fly ash

particles to the vaporization of relatively volatile constituents during
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combustion, followed by the condensation of these constituents on the exterior

of fly ash particles entrained in the flue gas. However, this study reported

that lead was contained within the interior glass matrix of the fly ash

particles, while the Tetra Tech study discussed earlier reported that lead was

volatile and thus likely to be found on the surface of fly ash particles. Both

studies reported that arsenic and selenium were found on the surface of the fly

ash particles. The University of Alberta concluded that the physical and

chemical characteristics of the fly ash were determined by both the chemical

composition of the coal from which it came and the mechanics of fly ash

formation during combustion.

The difference between the University of Alberta study and the standard

leaching test studies is that the mobility of constituents was observed under a

variety of conditions. A number of waste concentrations could be tested in the

columns to imitate specific field conditions. (Single column extractions also

possess such flexibility, but to a lesser degree.) The University of Alberta

study simulated landfill conditions by allowing the laboratory leachate solution

to continually change as it migrated through multiple waste columns, whereas in

batch extraction tests the laboratory leachate solution is allowed to come into

contact with only one ash sample.

Battelle Chemical Characterization Study

Battelle Pacific Northwest Laboratories recently completed a study for EPRI

on chemical characteristics of fly ash, bottom ash, and FGD sludge. As part19

of this study, Battelle performed a comparison of the EP Toxicity Test and the

TCLP test. Nhile most of the results of the two procedures were consistent,
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differences were observed with acidic samples. One acidic fly ash EP sample had

both arsenic and chromium above RCRA limits. Another acidic fly ash sample also

exhibited elevated levels of arsenic and chromium, but not at levels exceeding

RCRA limits. The study found, however, that the two samples showed considerably

less leachability for arsenic and chromium with the TCLP, while other elements

tested showed similar results from the two testing procedures. The study

concluded that the difference between the two types of tests resulted from the

acidic character of the samples.

Radian Corporation Study

The Radian Corporation conducted two studies for EPRI that involved testing

various low-volume waste streams. In the first of these studies (published in

May 1985), Radian Corporation collected thirty-two samples on eight types of20

low volume wastes. These samples were tested using the EP toxicity test as well

as some other testing procedures. The results of the EP toxicity test showed

that the only waste stream Radian tested that exceeded the EP toxicity limits in

the 1985 Radian study was untreated boiler chemical cleaning waste. Exhibit 5-5

presents the results for three samples of untreated boiler cleaning wastes. All

three samples had elevated levels of chromium and cadmium, including exceedances

of EP toxicity limits, and two samples of boiler cleaning wastes had elevated

concentrations of lead, including an exceedance of EP limits. This study also

performed EP tests on boiler cleaning wastes after neutralization in a plant

treatment system. As shown in Exhibit 5-5, the two samples of treated boiler

cleaning waste did not exceed EP toxicity limits for any metals.
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EXHIBIT 5-5

EP TOXICITY AHALYSIS POR UHTREATED
AHD TREATED BOILER CHEMICAL CLEABMG WASTES D/

(concentrations in mg/I)

Unt anted Bo ler Clea n Waste e

Metals

Silver
Barium
Cadmium
Chromium
Arsenic
Mercury
Lead
Selenium

Maximum
Allowable
EP Toxicity

Limits

5.0
100.0

1.0
5.0
5.0
0.2
5.0
1.0

Ammoniated
EDTA with
ZZhibb.goc

0.002 bQ
0.76
~30
4.7
0.006
0.0002 bQ
3.6
0.002 b+

0.002 bQ
0. 67
~0
4. 7
0.002 gb

0.0002 h/
5 6
0.002 bQ

Hydrochloric
d

0.007
0.91
0.64

$0 0
0.051
0.0042
0.002 bQ
0.003 Qb

Treated o er anin Waste e

Metals

Maximum
Allowable

EP Toxicity
Limits

HC1+
Inhibitor,
Chelant

Hydrochloric
Acid

Silver
Barium
Cadmium
Chromium
Arsenic
Mercury
Lead
Selenium

5.0
100.0

1.0
5.0
5.0
0.2
5.0
1.0

0.042
0.40
0.002 gb

0.001 b~
0.002 bQ
0.0002 bg
0.002 bg
0.002 bJ

0.033
0.25
0.012
0.099
0.002 bQ
0.0002 bJ
0.002 b~
0.002 b+

Aa/All underlined values exceed maximum allowable limits under current RCRA

regulations for hazardous wastes.

b+ Values shown are detection limits. Actual values could be less than, but no
greater than, the indicated value.

Source: Electric Power Research Institute, Characterization of Utilit
w-Volume Wastes, Radian Corporation, May 1985.
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In Radian Corporation's second study of low-volume wastes (published in July

1987), they collected additional date on certain low-volume waste streams that21

the first study indicated might have high concentrations of metals. As shown in

Exhibit 5-6, eight of twenty-one samples of low-volume liquid wastes from

coal-fired plants were found to exceed EP toxicity limits. For boi.ler chemical

cleaning wastes, 7 of 10 samples exceeded EP toxicity limits for at leasr one

constituent. Six of the boiler chemical cleaning waste exceedances were for

chromium and the remaining exceedance was for lead. One wastewater brine sample

out of five tested samples exceeded the EP limits for selenium. There were no

reported EP exceedances for waterside rinses or coal pile runoff.

Radian Corporation also conducted EP Toxicity tests on low-volume waste

sludges. None of the three samples from coal-fired power plants were considered

EP Toxic, including a boiler chemical cleaning waste sludge. For the rwo

wastewater pond sludges, the study compared the EP and TCLP testing procedures.

Results of the EP and TCLP tests are shown in Exhibit 5-7. The two extraction

procedures produced nearly identical concentrations of metals in their extracts.

As in their first study, the Radian Corporation also sampled low-volume

wastes that had been treated. This study found significant reductions in

concentrations of chromium, copper, iron, nickel and zinc after hydrochloric

acid boiler cleaning waste was neutralized.

The study also examined the treatment effectiveness of co-disposal of

low-volume wastes with high-volume wastes. Results of EP toxicity tests on

co-disposal mixtures found that co-disposal significantly reduced concentrations

of contaminants in the co-disposed mixture. Results of the EP tests are
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EXHIBIT 5-7

COMPARISON OF EP AND TCLP EXTRACTTONS FOR
LOW-VOLUME SLUDGE DREDGED FROM WASTEWATER PONDS

(mg/I)

EP Test CLP Test
RCRA
Limit

¹ of
Tests R~an e M~ea Eaane Neon

Arsenic

Barium

Cadmium

Chromium

Lead

Mercury

Selenium

Silver

5.0

100.0

1.0

5.0

5.0

0.2

1.0

5.0

0.002-0.015 0.0085 0.004-0.016 0.010

0.045-0.12 0.0825 0.07-0.089 0.080

0.002-0.002 0.002 0.002-0.002 0.002

0.01-0.011 0.0105 0.018-0.023 0.021

0.002-0.006 0.004 0.002-0.16 0.081

.0002-0.0002 0.0002 0.0002-0.0002 0.0002

.003-0.0003 0.003 0.003-0.03 0.017

0.002-0.004 0.003 0.009-0.012 0.011

Source: Manual for Mana ement of Low-Volume Wastes From Fossil-
Fuel-Fired Power ants, Electric Power Research Institute,
prepared by Radian Corporation, Austin, Texas, July 1987.
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presented in Exhibit 5-8 for co-disposal with fly ash from three geographic

areas.

5.1.2.3 Summary of Extraction Test Results

In conclusion, the results of these studies indicate that coal combustion

utility wastes may leech several elements, including PDWS constituents. While a

variety of extraction procedures were used in these studies, and questions have

been raised about the applicability of certain testing methods to coal

combustion wastes (which are generally disposed on-site in monofills), all of

the extraction procedures used in the studies (EP, TCLP, ASTM, and column)

produced average concentrations of constituents that were below the EP toxic

level for all waste streams except untreated boiler cleaning waste. In the 1987

Radian Corporation study, untreated boiler cleaning wastes had a mean

concentration 169 times the PDWS for chromium using the EP Toxicity test.

For the high-volume waste streams, cadmium, arsenic, and chromium were the

only elements for which a maximum concentration was found that was over 100

times the PDWS. Arsenic and chromium were above EP toxicity limits based on EP

tests for one acidic fly ash sample in the Battelle chemical characterization

study. These were the only exceedances based on 23 samples. Cadmium was found

at a concentration 150 times the PDWS in calcium-based dry scrubber sludge

leachate and at a concentration 140 times the PDWS in some coal ash leachate as

reported in the Tetra Tech study; these leachates were extracted using the EP

test method. For both types of waste, however, the exceedances represented the

maximum concentrations; all averages of cadmium concentration levels were below

100 times the PDWS. In fact, the geometric mean of cadmium in coal ash
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leachates in the Tetra Tech study was Just under 0.5 of the PDWS.

For the low-volume waste streams, the only exceedance of EP toxicity limits

for wastes other than boiler cleaning waste was one wastewater brine sample that

had selenium at 150 times the PDWS. The mean concentration of selenium in the

wastewater brine samples was below EP toxicity limits. While untreated boiler

cleaning wastes had exceedances of EP toxicity limits for chromium and lead, as

noted above, EP toxicity tests on neutralized boiler cleaning wastes and on

boiler cleaning wastes co-disposed with fly ash showed no exceedances of EP

limits.

5.2 EFFECTIVEHESS OF WASTE COHTAIlBKHT AT OTILITY DISPOSAL SITES

Coal combustion wastes contain trace elements that at certain levels could

pose a potential danger to human health and the environment if they migrate from

the disposal area. The extraction procedure tests described in Section 5,1.2

indicate that these trace elements may leach out of disposed wastes, although

rarely at concentrations greater than 100 times the PDWS. This section of the

report analyzes studies of ground-water and surface-water quality at and around

utility disposal sites to ascertain whether potentially hazardous constituents

that leach out of the waste migrate into surrounding ground water or surface

water. The studies discussed in this section use as a measure of water quality

the concentration of Primary Drinking Water Standards (PDWS) and Secondary

Drinking Water Standards (SDWS) constituents in the water around utility waste

disposal sites. Primary and Secondary Drinking Water Standards were established

in the Safe Drinking Water Act. Primary Drinking Water Standards establish

concentration limits for toxic constituents. Secondary Drinking Water Standards
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are based on aesthetic characteristics such as taste, color, and odor. Exhibit

5-9 shows the current PDWS and SDWS. If ground water and surface water

downgradient from waste disposal sites have concentrations of constituents in

excess of PDWS or SDWS, and upgradient concentrations are below the standards or

are lower then the downgradient concentrations, the coal combustion waste could

be one of the sources contributing to ground water or surface water

contamination.

EPA has conducted a number of studies on the quality of ground water in the

immediate vicinity of utility disposal si.tes. Arthur D. Little performed

extensive ground-water monitoring at six utility disposal sites. In a second

study, Franklin Associates compiled date from state records on ground-water

quality in the vicinity of 66 utility disposal sites. This section also reviews

and evaluates a study conducted by Envirosphere for USWAG on available data on

ground-water quality at 23 electric utility sites to evaluate whether and to

what extent occurrences of ground-water contamination have resulted from the

disposal of coal combustion wastes.

5.2.1 ADL Study of Waste Disposal 'at Coal-Fired Power Plants

Arthur D. Little, Inc. (ADL), conducted a three-year study for EPA's Office

of Research and Development to assess the environmental effects and engineering

costs associated with coal ash and flue gas desulfurization waste disposal
22practices at six coal-fired power plants. Appendix E contains a detailed

discussion of the study, including how the six sampled sites were selected, the

study approach, and results for each site. A summary of the six sites is

presented below:
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EXHIBIT 5-9

PRIMARY DRINKING WATER STANDARDS

Concentration
I

Arsenic
Barium
Cadmium
Chromium
Fluoride
Lead
Mercury
Nitrate (as N)
Selenium
Silver

0.05
1.0
0.01
0.05
4.0
0.05
0.002

10.0
0.01
0.05

SECONDARY DRINEING WATER STANDARDS

Co tarn nant

Chloride
Color
Copper
Corrosivity
Foaming Agents
Iron
Manganese
Odor
pH
Sulfate
Total Dissolved
Zinc

250 mg/1
15 color units
1.0 mg/1
Noncorrosive
0.5 mg/1
0.3 mg/1
0.05 mg/1
3 Threshold odor number
6.5 - 8.5
250 mg/1

Solids 500 mg/1
5.0 mg/1

Source: 40 CFR 141 and 143, September 1, 1986.
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The Allen Plant in North Caroline disposed of a mixture
of fly ash and bottom ash in two unlined disposal ponds,
one closed and one in active use. Intermittent waste
streams, such as boiler wastes and coal pile runoff, were
also disposed in the ponds. While concentrations of
trace elements in downgradient ground water were higher
than upgradient concentrations, exceedances of the
Primary Drinking Water Standards were not found.
Elevated concentrations of arsenic (up to 31 times the
PDWS) were found in fluids within the active esh pond.
Attenuation tests indicated that the arsenic
concentrations would be chemically attenuated by iron and
manganese in the soils beneath and surrounding the site.
Ground-water contamination, particularly from arsenic,
could have resulted if these attenuative soils had not
been present. Secondary Drinking Water Standards were
exceeded in both the upgradient and downgradient ground
water for manganese and in the downgradient ground water
for iron. This was attributed to high concentrations of
these elements present in the soils of the site.
Steady-state conditions have probably not been achieved
at the Allen site; increases in downgradient ground-water
concentrations of non-attenuated contsminants may be
expected in the future.

The Elrama Plant in western Pennsylvania disposed a
fixated FGD sludge-fly ash mixture, along with small
volumes of bottom ash and sludge from coal pile runoff
treatment ponds, in an abandoned coal-mining area 12
miles from the plant. Part of the landfill is underlain
by acid-producing spoils from the strip mining of coal.
Cadmium was found in concentrations exceeding the Primary
Drinking Water Standard by as much as 20 times in
downgradient ground water; the highest concentration was
found in the well closest to the landfill. There were no
upgradient exceedances for cadmium. Steady-state
conditions did not appear to have been achieved at the
site, so that effects of leachate from the landfill may
be expected to increase with time. Secondary Drinking
Water Standards (for pH, manganese, sulfate, and izon)
were exceeded at the site in both upgradient and
downgradient ground water. These exceedances probably
occurred because of characteristics of the disposal area
and because ground water was already contaminated from
acid mine drainage. Test results indicated that any
constituent migration from the landfill did not
measurably affect the water quality of the nearby
Youghiogheny River.

Arsenic was repeatedly detected at levels three to five
times the Primary Drinking Water Standard in pond
liquors, but appeared to be attenuated by soils at the
site. This suggests the possibility that similar wastes
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at other sites could leach arsenic at higher levels if
arsenic were not attenuated by surrounding soils or
diluted before reaching drinking water.

The results discussed above indicate that the fixated
FGD/fly ash wastes have been, and will continue to be, a
source of contamination at the site. Because
exceedances for many contaminants were probably due to
concurrent contamination from acid mine drainage,
leachate from coal combustion waste may have only a small
incremental impact on water quality.

The Dave Johnston plant in Wyoming is located in an arid
region with little ground-water recharge. The plant is
the oldest of the six sites, and burns low-sulfur western
coal. There are a number of disposal areas at the site;
the ADL study investigated two unlined fly ash landfills,
one active and one closed. Exceedances of the Primary
Drinking Water Standards for cadmium (up to 3 times the
PDWS) were found in ground water upgradient and
downgradient of the site. Cadmium was found at elevated
concentrations in pond liquors and ground water beneath
the wastes. Exceedances of Secondary Drinking Water
Standards for manganese and sulfate were also observed in
downgradient and upgradient ground water. These two
contaminants and boron were found in elevated
concentrations in ground water beneath the waste and in
pond liquors. No samples were analyzed for the presence
of arsenic in the pond liquors. Chemical attenuation by
soils at the site was found to be low for trace metals
such as arsenic. Interpretations of the sampling results
were difficult to make because other potential
contamination sources exist, such as other waste disposal
areas at the site (the location and ages of which are
uncertain) and contaminants naturally occurring in the
soil, which is highly mineralized around the Johnston
site; and uncertainties with regard to whet degree
leachate from the two landfills had reached the
downgradient wells. Contamination from the site could
possibly increase until steady-state concentrations are
reached.

The Sherburne County Plant in central Minnesota disposed
of fly ash and FGD waste in one clay-lined pond and
bottom ash in an adjacent clay-lined pond. Exceedances
of the Primary Drinking Water Standards were observed in
both upgradient and downgradient ground water for cadmium
(up to 2 times the PDWS for both) and for nitrate, and in
downgradient ground water for chromium (up to 1.2 times
the PDWS). Pond liquors were found to exhibit high
concentrations of several constituents, including cadmium
(up to 30 times the PDWS), chromium (up to 16 times the
PDWS), fluoride, nitrate, lead (up to 28 times the PDWS),
and selenium (up to 25 times the PDWS). While the pond
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liquors exhibited high concentrations of contaminants,
leachate from these wastes did not appear to have
migrated into and mixed with ground water to a great
extent. Ground-water samples collected at the site
seemed to indicate that a few constituents (sulfate and
boron) had migrated from the wastes, but not at levels
exceeding SDWS. The clay liner appeared to have
significantly reduced the raze of release of leachate
from the disposal ponds, precluding the development of
elevated trace metal concentrations at downgradient
wells. Over time, downgradient wells will likely show
increased levels of contamination, since steady-state
conditions had not been achieved between leachate from
the landfill and the ground water. Without the clay
liner, the leachate seepage rate would probably have been
much greater. Since the surrounding soils may not
chemically attenuate selenium, this contaminant might
cause PDWS exceedances once steady-state concentrations
in ground water are reached.

The Powerton Plant disposed fly ash, bottom ash, and slag
in an older landfill approximately one mile south of the
site. In a newer portion of the landfill, disposal
operations consisted of disposing intermixed fly ash and
slag. The newer landfill and part of the older one are
underlain by a liner consisting of ash and lime. The
downgradient ground-water wells exhibited levels of
cadmium up to three times the Pzimary Drinking Water
Standard and, in one sample, lead at four times the PDWS.
An upgradient well, located on the border of the landfill
wastes, exhibited a concentration of cadmium at the level
of the Primary Drinking Water Standard. Secondary
Drinking Water Standards for iron, manganese, and sulfate
were exceeded in downgradient wells, and for manganese in
an upgradient well (but at a level of exceedance lower
than the downgradient measurements). These results
indicate that leaching and migration of ash wastes had
occurred at the site, but it was difficult to determine
the effect the leachate had, or will have, on
ground-water quality. Dilution and chemical attenuation
may have prevented the buildup at downgradient locations
of significant concentrations of trace metals such as
arsenic and selenium. The degree to which Lost Creek, a
nearby downgradient stream, was diluting waste
constituents that reach it may be significant.

The Lansing Smith plant in southern Florida disposed a
mixture of fly ash and bottom ash in an unlined disposal
pond located in a coastal area. Concentrations greater
than the Primary Drinking Water Standards were observed
for cadmium (up to five times the PDWS), chromium (up to
four times the PDWS), and fluoride in the downgradient
ground water at the site and, with the possible exception
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of fluoride, appeared to be due largely to the leaching
of the ponded ash wastes. Exceedances of Secondary
Drinking Water Standards for sulfate, chloride,
manganese, and iron were also observed in downgradient
ground water. However, most of these contaminants are
seawater-related and their reported concentrations
appeared to be influenced by the use of seawater in plant
operations and infiltration of estuarine (saline) water
at the site. The leachate generated migrates to a
shallow, unused, tidal aquifer. These results indicate
that ash disposal at this site appears to have had a
measurable impact on ground-water quality. Health risks
at this particular site, however, were probably minimal
since the ground water and surface water were not used as
a source of drinking water.

5.2.1.1 Ground-water Sampling

Exhibits 5-10 and 5-11 summarize the results of the ADL ground-water quality

data at the six disposal sites for constituents with established Primary and

Secondary Drinking Water Standards, respectively. As can be seen from Exhibit

5-10:

One site had no exceedances of PDWS constituents, either
upgradient or downgradient.

One site had PDWS exceedances for cadmium only, with the
same maximum PDWS exceedance upgradient and downgradient.

One site had downgradient PDWS exceedances for cadmium„
chromium, and nitrate, but for cadmium and nitrate the
upgradient exceedances were at least as large as the
downgradient exceedances. There were no upgradient
exceedances of chromium; the one downgradient exceedance
was 1.2 times PDWS.

The three remaining sites had downgradient PDWS

exceedances for cadmium that were more frequent and
larger than upgradient exceedances. The largest
downgradient exceedance for cadmium at any of the six
sites was 20 times the PDWS.

There were no upgradient chromium exceedances and only
three exceedances out of 94 downgradient observations.
Two of the downgradient exceedances were 1.2 times the
PDWS and one was 4 times the PDWS. These three
exceedances were at three different sites.
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EXHIBIT 5-10

SDNNARY OF ARTHDR D. LITTLErS GROUND-WATER
(E)ALITY DATA ON PRINARY DRINKING WATER EXCEEDANCES

Unite * ppll

PDVS

2/ Orfnking
Contsm Vs'ter

Standard

IAllen Site

1/I

I
Downgrsdient

I Upgrsdient
&11 wells) I (1 well)

I-.- -"-------I.-.--

fgev Elrmns Site
I

1/ I 1/I 1/
I Dovngrsdient I Upgredient

(5 wells) I &1 veil)
— I-------.----

I

I 3/ 4lf 3/ 4/I 3/ 4lf 3/ 4/
IExceed./ Nax. IExceed./ Nax. IExceed./ i(ex. IExceed.l Nax.

I Total Exceed.f Total Exceed.f Total Exceed.[ Total Exceed.

I I I I

fgave Johnston Site I

I I

I 1/I 1/ I

I Downgredfent I Upgrsdient
&3 veils) f (2 veils)I"-"-"--"

I
---"--"

I

3/ 4/I 3/ 4/I
IExceed./ Nax. IExceed./ Nsx.

I Total Exceed. I Total Exceed.
II"-""--"-I--" --"-I

Arsenic 0.05

Sarillll 1

Cadmimn 0.01

Chrtmiun 0.05
(Cr Vl)

Fluoride 4.0

lead 0.05

mercury 0.002

vitrate 5/ 45

Selerlium 0 1

(&iq.)
Silver 0.05

0/12

I

I 0/31

I

I 0/31

I

0/31

I

0/34

0/31

0/0

0/34

0/5

0/31

0/2

I

0/3

0/3

0/3

I 0/4

I

0/3

I

f 0/0

I

0/4

I

0/2

I

0/3

I 0/1

I

0/19

3/19

1/19

0/21

0/19

I

0/0

I

0/20

I

0/1

I

0/19

I 0/2

0/4

20 I
OI4

I

1.2
I

0/4

0/4

0/4

I

0/0

I

0/4

I

I 0/2

I

( 0/4

0/2

I

0/9
I

6/9
I

0/9
I

0/12

I

I 0/9

I

I 0/0

I

I 0/12

I

0/2

I

0/9

I

3 I

I

I

I

I

I

I

I

0/3

0/6

3/6 3 I

0/6

0/8

I

0/6

0/0

0/8

0/3

0/9

1/ For specific site descriptions, including lists and maps of wells used for date,
nee Apimnd(x E.

2/ Vhere the reported detection limit for s contaminant vas greeter than the drinking
vater standard snd the senple contained less contaminant then the reported detection
limit, the smnple is tabulated as being below the drinking water standard. For a more

detailed explanation, see Appendix E.

3/ The number of samples vith reported concentrations above the drinking water standard &slash)
the total number of sanples.

4/ Nax. Exceed. is the concentration of the greatest reported exceedsnce divided
by the drinking water standard for that particular contaminant.

5/ The pDvs for nitrate measured ss x is 10 ppm.
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EXHIBIT 5-10 (Consimnmd)

SDMMARY OF ARTHUR D. LITTLE'S GROUND-WATER

QUALITY DATA ON PRIMARY DRINKING WATER EKCEEMNCES

Uni ts ptxn

PDUS

Arsenic 0.05
(liq.)

Ssriun 1

Cadniun 0.01

Chrcmiun 0.05
&Cr Vl)

Fluoride 4.0

&esd 0.05

mercury 0.002

xitrste 5/ 45

Seteniun 0.'1

(liq.)
Stiver 0.05

2/ Drlnkins
Canton. I/ster

Standatd

ISherburne County Site Ipouertcn Station Site I&analog S tth Steam Plant I

I I I

1/I t/I 1/I 1/I 1/I 1/I
I Doungradtent I Upgredient .

I Dounsrsdient
I

Upsrsdient I Doungradient I Upgradicnt
&3 sells) I (2 set is) I (3 sells& I &1 mall& I (5 sells& I &3 sells&

I I I I
--. I--------".

I

I 3/ 4/I 3/ 4/I 3/ 4/I 3/ 4/I 3/ 4/I 3/ 4/I
IExceed./ max. IExceed./ max. IExceed./ msx. IExceed./ slax. IExceed./ gax. IExceed./ gsx.
I Total Exceed.l Total Exceed.[ Total Exceed.l Total Exceed.l Total Exceed.f Total Exceed.l

I I I I
—

I
— — —---"-I

0/3 I 0/3 I 0/8 I 0/2 I 0/5 0/4 I

I I I I I I

I 0/)2 I 0/8 I 0/9 I 0/4 0/14 I 0/6 I

I I I I I I

2/12 2 I 2/8 2 I S/9 3
I 2/4 1 I 10/14 5 I 2/6 2 I

I I I I I

f 1/12 1.2 I 0/8 0/9 0/4 I 1/14 4 I 0/6 I

I I I I I

0/12 I 0/8 0/9 I 0/4 5/14 13.5 I 0/6 I

I I I I I I

0/12
I 0/8 1/9 C

I 0/4 0/1C I 0/6 I

I I I I I I

0/0 I 0/0 0/0 I 0/0 0/0 I 0/0 I

I I I

2/12 1.1 I 2/8 22 I 0/9 I 2/4 1.1 I 0/0 0/0 I

I I I I I

0/3 0/3 0/8 I 0/2 0/5 0/4 I

I I I I I

0/12
I 0/8 0/9

I 0/4 0/14 I 0/6 I

1/ For specific site descriptions, including lists and maps of nails used for data,
see Appendix E.

2/ libera the reported detection limit for a contaminant uas greater than the drinking
aster standard snd the sample contained less contmninant than the reported detection
limit, the smnpte is tabulated as being belou the drinking aster stsrdsrd. For s sere
deteiied explanation, see Appendix E.

3/ The nunber of samples with reported concentrations above the drinking aeter standard (slash&
the totat nunber of ssmpies.

4/ xsx. Exceed. is the concentration of the greatest reported exceedance divided
by the drinking aster standard for that particular contaminant.

5/ The PDUS for nitrate measured ss X is 10 ppm.
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EXHIBIT 5-11

SUMMARY OF ARTHUR D. LITTLE'S CROUND-WATER &jUALITY
DATA ON SECONDARY DRINKING WATER EXCEEDANCES

units = ppm

SDVS

]Ailen Site

j 1/j
j Dmmgradient

(11 wells)

j

]New Elrmns Site

1/ j 1/ j

Vpgradient j Dmmgrsdient
(1 well) j (5 walls&

j

]Dave Johnston Site j

j j

1/j 1/j 1/j
Vpgradient j Dmmgrsdient j upgradient

&1 sell) j (3 wells) j (2 wells)

j j -j

Chloride 250

copper

0.3

Hsnganese 0.05

2/ Drinking
Contam. Voter

Standard

3/ 4/j 3/ 4/j 3/ 4/j 3/ 4/j 3/ 4/j 3/ 4/j
]Exceed./ Hax. ]Exceed./ Hax. ]Exceed./ Hsx. ]Exceed./ Hax. ]Exceed./ Nax. ]Exceed./ Nax. j

j Total Exceed.) Total Exceed.[ Total Exceed.[ Total Exceed.[ Total Exceed.j Total Exceed.j

j j
--].-

] j -j
0/34 j 0/C 0/21 j 0/4 0/12 j 0/8

j j j j j j

0/31 j 0/3 0/19 j 0/4 0/9 0/6 j

j j j j j j

7/31 82 j 0/3 0/19 j 1/4 1.8 j 0/9 0/6 j

j j j j j j

j 19/31 102 j 1/3 1.4 j 19/19 456 j l/4 1117 j 1/9 3.2 j 1/6 /..6 j

250Sulfate

2 Inc

pH lab 5/ &=6.5

&&8.5

pH Field 5/ «6.5

&=8.5

j j j

0/34 0/3 9/19 /.7 j 3/4 1.5 j 12/12

j j j

j 0/31 0/3 0/19 0/4 0/9

j j j

j 10/10 C.7 j 1/1 5.9 j 0/0 0/0 0/0

j j

0/10 j 0/1 0/0 0/0 0/0

j j

21/28 4.4 j 213 6.2 j 9/14 5.2 j 2/2 4.5 j 0/9

j j j

0/28 j 0/3 0/1C j 0/2 0/9

5.8 j

j

j

j

j

j

j

4/8

0/6

0/0

0/0

0/6

0/6

5.1

1/ For specific site descriptions, including lists end maps of the veils used far data,
nee Appefxhx E ~

2/ where the reported detection limit for a contaminant ves greater than the drinking
voter standard and the sanple contained less contaminant than the reported detectian
limit, the smnple is tabulated as being below the drinking water standard. For s more

detailed explanation, see Apcmndix E.

3/ The nud&er of samples with reported concentrations above the drinking water standard &slash&

the total number of senples.

4/ Hsx. Exceed. is the concentration of the greatest reported exceedance divided
by the drinking »ster standard for that particular contaminant. The only
exception is for pn, where Hax. Exceed. is the ec'tuel measurement.

5/ As indicated in footrmte 15, the Hax. Exceed colum for the reported pll measurements
is s tabulation of the actual measurements, not the mexinun exceedance divided by
the drinking water standard.
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EKHIEIT 5-11 (Ct&z&tinted)

SUNNARY OF ARTHUR D. LITTLE'S GROUND-'WATER QUALITY
DATA ON SECONDARY DRINKING WATER EKCEEDANCES

Units ppm

2/ Drinking
Contmn. Dater

Standard

Chloride 250

Copper

0.3iron

0.05manganese

Sulfate 250

Zinc

«6. 5pH lsb 5/

& 8.5

pH Field 5/ & 6.5

&=8.5

ISherburne Coutty Site Ipoverton station
I

I 1/I 1/I 1/I
I Dovngrsdient I

Upgrsdient
I

Dtwngradient
(3 veils) I (2 veils& I (3 sells)

I
"I"

I

I 3/ Cll 3/ 4/I 3/ 4/I
IExceed./ Nax. Iixceed./ Hax. IExceed./ Nax. IE

I Total Exceed./ Total Exceed.l Total Exceed.]

I I I

0/12 I
0/8 0/9 I

I I I

0/TZ I 0/8
I 0/9

I I I

0/12 I
1/8 1.9

I
4/9 C2 I

I I

2/12 22 I 1/8 1.4
I

il/9 194

I I

0/12 I
0/8 6/9 2.7 I

I I

0/12 I
0/8 I 0/9

I I

0/0 0/0 I 0/0 I

I I

0/0 0/0 0/0 I

I I

0/8 0/6 I 1/9 6

I

0/8 I 0/( I 0/9 I

site

1/
Upgrad(ent

(1 mell)

3/ CI

Hosed./ Nex.

Total Exceed.

0/C

0/4

0/4

2/4

0/4

0/4

0/0

0/0

0/3

0/3

llensing Smith Steam plant
I I

I 1/I 1/I
I Dtwngradi ant I Upgrsdlant

(5 veils) I (3 veils&

I I I

3/ Cl I 3/ Cl I

IExceed.l Nax. IExceed./ Nex. I

I Total Exceed.l Total Exceed.l

I I

14/14 22.4 I

I

0/14

I

14/14 118 I

I

13/14 17.2 I

I I

8/14 8.4

I

I 0/14 I

I I

4/6 C.4 I

I I

0/6 I

I

10/13 2.9 I

I I

0/13

-I
0/6 I

I

0/6 I

I

6/6 37 I

I

2/6 1.4

I

0/6 I

I

0/6 I

I

1/2 6.5

I

0/2 I

I

4/6 6 I

I

0/6 I

1/ For specific site descriptions, including lists snd maps of the sells used for dots,
see Appendix E.

2/ Vhere the reported detection limit for a contaminant vas greeter than the drinking
voter standard and the sample contained less contaminant then the reported detection
limit, the sample is tabulated ss being bel&w the drinking ester standard. For a nmre

detailed explanation, see Appendix E.

3/ The number of samples vith reported concentrations above the drinking mater standard (slash&
the total number of samples.

C/ Nax. Exceed. is the concentration of the greatest reported exceedsnce divided
by tha drinking aeter standard for that particular contaminant. The only
exception is for pii, vhere Hax. Exceed. is the actual measurement.

5/ As irdicated in footnote 15, the Hax. Exceed colum for the reported pH measurements
is a tabulation of the actual measurements, rmt the msxinun exceedsnce divided by
the drinking voter standard.
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~ One site had downgradient PDWS exceedances for fluoride
in 5 of 14 samples. The maximum exceedance was 13.5
times the PDWS. There were no upgradient PDWS

exceedances for fluoride at any of the six sites.
~ There were no lead exceedances upgradient and only one

PDWS exceedance out of 94 downgradient observations at 4
times the PDWS.

~ The contaminants of most concern at the six sites appear
to be cadmium and, to a lesser extent, chromium. For
both of these contaminants, three sites had exceedances
of the PDWS in downgradient ground water at levels higher
than were found in upgradient ground water.

For constituents for which ther'e are Secondary Drinking Water Standards,

exceedances in downgradient ground water generally were higher than levels

observed in upgradient wells. Results are shown in Exhibit 5-11.

5 2.1.2 Surface Water Sampling

Exhibit 5-12 summarizes the results of surface-water quality data obtained

by ADL at background, peripheral, and downstream locations at three of the study

sites -- Elrama, Powerton, and Lansing Smith -- for constituents with

established Primary and Secondary Drinking Water Standards. Examination of

these results for PDWS constituents indicates that:

At the Lansing Smith site, downgradient and peripheral
surface water samples showed cadmium concentrations up to
5 times the PDWS, chromium concentrations up to 1.2 times
the PDWS, and fluoride concentrations up to 20 times the
PDWS. No upgradient samples were collected at the
Lansing Smith site.

Exceedances were found for cadmium (up to 2 times the
PDWS) and nitrate (up to 1.2 times the PDWS) in both
upgradient and downgradient surface water at the Powerton
site. The exceedances were similar in upgradient and
downgradient samples both in terms of the proportion of
samples in which exceedances were found and the magnitude
of the exceedances.
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EffBIBIT 5-12

SUHHARY OF ARTHUR D. LITTLEF S SURFACE-52ATER QUALITY DATA
ON FRIHARY AHD SECOEMRY DRIEKIHG WATER EKCEEMBCES

u It

Arsenic
(llo.)

Sar lcm

0.05

Csdalcw 0.01

Clif'cmiue 0.05
(Cr VI)

fluoride 4.0

it(xi 0.05

Nec'cury 0.002

Nitrate 5/ 45

Selenlu» 0.1

Silver 0.05

2/ Drinking
Cwctmcc, lister

Stellderd

fN strow sit
I

I I/f I/
f Dovngredient f upgrsdient

&4 ~ t ~ tions) f &I station)

3/ 4(f 3/ 4/
fExceed./ lcax. fgxceed./ lcax.

Total Excttd.f Total Exceed.

I 0/ I

I

0/7

0/7

0/7

0/7

0/7

0/0

0/7

0/\

0/7

0/I

0/3

0/3

0/3

0/3

0/3

0/0

0/3

0/I

0/3

fP c St tio Site il i~tithSt Pl t
I I/ i

I Ol I/ f I/ f Dovngradlenc

f ocwngrwiient f Dpgredient f Dcwngradlent f Peripheral f saline
(I staticn) f (3 stations) f (6 ststiore) f &3 stations) f (2 stations)

I" I
---. "I--- ----I

I/I 3/ Ol 3/ 4/I 3/ 4/I
fExeeed./ Nax. flxceed./ Nax. fExceed./ Iwr. fgxceed./ Nsx. fExcewl./ Nax.

Total Exceed./ total Exceed.f Total Exceed.f Total Exceed.f Total Exceed.f

I
"I-"-".— -"I

0/I f 0/2 0/2 f 0/I 0/3
I I I

0/3 0/8 0/13 f 0/8 I 0/5
I

2/3 21 5/8 EIIO/13 51 4/8 4I 5/5 4f
I I

0/3 0/8 0/13 f 0/8 I/5 1.2

I I 1

0/3 0/8 f 5/13 6.5 f 2/8 2 f 2/5 20 I

I I I

0/3 0/8 0/13 f 0/8 0/5
f I I

0/0 f 0/0 f 0/0 f 0/0 f 0/0
I

I/3 1.1 f 3/T 1.2 f 0/0 f 0/0 0/0
I

0/I 0/2 0/2 f 0/I 0/3

I I

0/3 0/8 0/13 f 0/8 0/5

I/ For specific site descriptions, Including lists snd caps of the ststiore used for data,
~ee Appendix E. Peripheral stat&one sre neither cs)gradient nor dovngredient of the ~ its.
lhasa stations sce located across the grwiient free the ~ its, and msy beecme ecntwsinated
by lateral dlspec'sfwl of vesta constitueclta.

2/ I/here the reported detection limit for s contaminant vas greeter than the drinking
vater standard and the saeple contained less eontmslrent than the reported detection
licit, the sempte is tabulated as being belcw the drinking voter standard. For ~ sere
detailed explanation, sec Appendix E.

3/ The rsnber of copies vith reported ewoentrations above the drlnkfng meter standard &slash)
the total cxmkor of samples.

4/ Icex. Exceed. Is the concentration of tho greatest reported exceedence divided
by the drinking voter standard for that particular conteainant.

5/ Ihs Polis Ior nitrate measured as X is 10 ppe.
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EXHIBIT 5-12 (Contin(zed)

SUMMARY OF ARTHUR D. LITTLE'S SURFACE-EATER QUALITY DATA

ON PRIMARY AND SECONDARY DRINEING RATER EKCEEDINCES

units ppa

2/ prinking
Ccntsm. Voter

Stereo&'d

Chloride 250

Copper I

Iron 0.3

Nenganese 0.05

Sulfate 25«

Zinc

ps (ab 5/ *4.5

» 8.5

px Field 5/ 6.5

» 8.5

INev E I ram« site II'o\mrto station sit ~ Itansirm Smith Steam Plant I

I I / i

I I/ I I / I I/ I \/I I/I I/I IHangredi ant
I ocwngrsdient I upgrsdlent I oovnsrmlient I upgredient I Oo»x»gradient I peripheral I seilne

&4 stations& I (I station&
I &I station)

I &3 statiorm) I (4 stations) I (3 stattons) I &2 stations)
I

---" I-----"--I
3/ 4/i 3/ 4/I 3/ 4/I 3/ 4/I 3/ 4/I 3/ 4/I 3/ 4/I

Its«sad./ Nax. )Exceed./ Nax. IExceed./ Nax. IExceed./ Nax. Igxeeed./ Nut. IExceed./ Nax. IExce«f./ Nax.

I Total Exceed.I Total Exceed.I To(at Exceed.i Total Exceed.I Total Exceetf.I Total Exceed.i Total Exceed.(

I I
- I- I

0/7 0/3 0/3 0/6 I 13/13 '11.9
I 5/6 10 I 3/5 56 I

I I I I I

0/7 I 0/3 0/3 0/8 0/13 I 0/6 o/5
I I I I I

0/7 I 0/3 0/3 0/6 I 11/13 (70 I 4/8 34 I 0/5

I I I

Tn 7.4 I 3n 4.2 I 2/3 2.2 I 2/6 I I
'll/13 04 I 4/6 4.6 I 0/5

I I I

I 0/7 0/3 0/3 0/8 12/13 7.5 I 4/S 5is I 5/5 9.9 I

I I I I I I

I 0/7 0/3 0/3 0/6 I 0/13 I 0/6 0/5
I I I I

0/0 0/0 0/0 0/0 5/s 3.3 I 2/3 '3.6
I 0/I I

I I I I

0/0 0/0 0/0 0/0 0/6 0/3 I 0/I
I I I

4/7 4.11 zn 41 on 0/8 5/lo A.i I 4n 3.4 I o/5

I

0/7 0/3 I/3 8.5 I Z/6 8.5 I 0/10 I 0/7 0/5

I/ For space ic site cbseriptlons, including ll ~ ts and smps of the stations used tor dots,
see Appendix E. Peripheral stations ore neither upgrsdiant nor dovngrmlient of the site.
These stations ar« located across the gradient trcm tht site, snd may beccm «antmsinated by
I ~ teral dispersion of vesta «onstltuents.

2/ libera the reported detection li it for a contmninsnt vss greater than the drinking
»uter standard ond the «sepia contained less contmsinsnt than lhe reported detection
lisit, the seep(a I ~ tabulated es being belov the drinking velar ~ tardsrd. For e more

dat4ilad oxp(arm(fan sas Appcndfx E.

3/ Ihe number ot s«spies vlth raporttd «one«stra(I«rm above the drinkins vattr standard (slosh)
the total nudmr of «a«plea.

4/ Ilax. Exceed. I ~ the csncentrstion at the greatest reported sxceedsncc divided
by the drinking vater standard for that partfcular centeminsnt. The only
exception fs for px, Were Nax. Exceed. Is the actual emesurement.

5/ As indicate! fn lootnote 10, the &lax. E»ceed. «o(tmm for reported px me«sure«onto
ls ~ tabulation of the actual aessurement ~ , not the xmxiaoe exceedance divided by
the drinking vates stlndard.
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~ No exceedances of PDWS were found upgradient or
downgradient at the Elrsma site, although there had been
downgradient exceedances at Elrama in ground water for
cadmium and chromium.

5.2.1.3 Waste Fluid Sampling

In addition to ground-water monitoring, waste fluid samples were

collected from the waste ponds at the Allen, Sherburne County, end Lansing

Smith sites, and from dry fly ash landfills at the Dave Johnston site.

Water from within and beneath FGD sludge and fly ash waste mixtures were

collected from the Elrama landfill. No waste fluid samples were obtained

at the Powerton site. Key observations are presented below.

Arsenic was present in the waste fluids at elevated
concentrations (up to 31 times the Primary Drinking Water
Standard) at two of the five sites sampled. At these
sites (Allen and Elrama), arsenic may be attenuated by
soils at the site; attenuation tests indicate the soils
had a moderate to high attenuation capacity, and no
exceedances for arsenic were observed in ground water at
the sites. The Dave Johnston site was the only disposal
area where soils were found to have low attenuation
capacities for arsenic; however, there are no data
pertaining to waste fluids at this site, and exceedances
for arsenic in the ground water were not observed. These
results indicate that, depending on the coal source,
arsenic may occur at elevated concentrations in waste
fluids, but can be attenuated by soils within and
surrounding a coal combustion waste disposal site. If
the soils at a disposal site have low attenuation
capacities for arsenic, this element may be of concern
with regard to ground water and surface water
contamination.

Cadmium is present at elevated concentrations (up to 30
times the Primary Drinking Water Standard) in the waste
fluids at all five sites. At Powerton, although no waste
fluid samples were taken, ground-water samples obtained
from directly beneath the wastes also exhibited elevated
concentrations of cadmium. These results support the
conclusion that elevated concentrations of cadmium
observed in downgradient ground water may be attributable
to coal combustion wastes.
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Chromium is present at elevated concentrations (up to 21
times the Primary Drinking Water Standard) in the waste
fluids at two of the five sites. At these sites, higher
chromium concentrations were found in downgradient ground
water than were found in upgradient ground water. These
observations suggest that ground-water contamination by
chromium at these two study sites may be attributable to
the coal combustion wastes. At a third site at which
downgradient exceedances of chromium in ground water were
observed, waste fluid samples were mixed with ground
water occurring beneath the wastes during collection,
which may account for lower waste fluid concentrations at
this site.

Other constituents that were found at elevated
concentrations within the waste fluids include fluoride
at all five sites (up to 10 times the PDWS); lead at one
of five sites (up to 28 times the PDWS); nitrate at one
of five sites (up to 7 times the PDWS); and selenium at
one of four sites (up to 25 times the PDWS).

Constituents for which Secondary Drinking Water Standards
are establi.shed were found at the following elevated
concentrations: chloride at three of five sites (up to
61 times the SDWS); iron at two of five sites (up to 221
times the SDWS); manganese at four of five sites (up to
466 times the SDWS); and sulfate at four of five sites
(up to 42 times the SDWS). Exceedances of pH standards
were found in the waste fluids at two of three sites
tested. At these two sites, both acidic (as low as pH
5.9) and alkaline (as high as pH 11) conditions were
found to exist. Average pH values measured in these
waste fluids indicated that they were generally alkaline.

Results of waste fluid sampling at the Sherburne County
site showed exceedances of Primary Drinking Water
Standards for cadmium (up to 30 times PDWS); chromium (up
to 16 times the PDWS); fluoride (up to 13 times the
PD'WS); lead (up to 28 times the PDWS); nitrates (up to
6.9 times the PDWS); and selenium (up to 25 times the
PDWS). Measurements also showed maximum exceedances of
Secondary Drinking Water Standards for chloride (up to
1.9 times the SDWS); iron (up to 6.1 times the SDWS);
manganese (up to 316 times the SDWS); and sulfate (up to
42 times the SDWS). This was the only site where
disposal areas or ponds were completely lined. The clay
liner appeared to have reduced the release of leachate,
thereby concentrating waste constituents.
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Results from waste fluid studies conducted by other organizations are

described in Appendix D.

5.2.1.4 Summary

Results from the Arthur D. Little study suggest that under the waste

management procedures used by the facilities studied, some coal combustion waste

leachate was migrating into ground water beneath and downgradient from disposal

sites. Five sites had concentrations of cadmium in downgradient ground water

that exceeded the PDWS. Two of these five had maximum upgradient exceedances at

the same level as the maximum downgradient exceedance, and two of the sites had

upgradient concentrations that were equal to or above the PDWS, although the

maximum concentration was less than the downgradient concentrations. One of the

five sites had upgradient measurements of cadmium that were below the PDWS.

Exceedances of chromium were detected in a few ground-water samples downgradient

of three sites; there were no chromium concentrations above the PDWS in the

upgradient ground water of any site. There were no detected exceedances of

arsenic, barium, mercury, sele'nium, or silver in the ground water or surface

water at any of the six sites. In total, approximately 5 percent of the

downgradient observations exceeded the PDWS.

5.2.2 Franklin Associates Survey of State Ground-Water Data

EPA commissioned Franklin Associates to gather data from state regulatory

agencies on the quality of ground water at or near coal-fired electric utility
23fly ash disposal sites. The objective of this survey wss to determine the

level of ground-water contamination in the vicinity of disposal sites. However,
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according to the Franklin Associates report: "No attempt was made to determine

what monitoring wells might be up gradient, or what wells might be down

gradient, or even as to whether specific ash disposal sites were in fact

contributing specific pollutants."

Franklin Associates contacted 44 states in which coal-fired facilities were

located; of these 44 states, 13 provided data. The date base that was developed

included data from more than 4700 well samples taken from 66 sites.

Analysis of these samples revealed 1129 exceedances of the PDWS out of more

than 15,000 observations, as shown in Exhibit 5-13. Ninety-two percent of the

exceedances were less than ten times the PDWS; eight of the exceedances were 100

times greater than the PDWS.

There were 5952 exceedances of the SDWS out of nearly 20,000 observations as

shown in Exhibit 5-14. These secondary standards were exceeded more frequently

than the primary standards, and exceedances were usually greater. For example,

about 77 percent'of the SDWS exceedances were less than 10 times the standard

(compared with 92 percent for PDWS exceedances), whereas 4 percent of the

exceedances were greater than 100 times the SDWS (compared with less than one

percent for PDWS exceedances).

Since this study did not compare upgradient and downgradient concentrations,

it is not possible to determine whether occurrences of contamination at

particular sites are the result of utility waste disposal practices or

background levels of contaminants.
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EXHIBIT 5-13

SDMNAEY OF PDWS EXCEEDANCES IN THE FRMKLM ASSOCIATES SURVET

Constituent
Total

Observations

Number of Observations
d WS

~OX 100 I
Highest Rxceedance

WS

Arsenic

Barium

Cadmium

1995

1353

1733

94

108

126 16

9.8

44.0

531.0

Chromium 1863 92 50.2

Fluoride 995 28 19.3

Lead 1722 243 20 182.0

Mercury

Nitrate

1282

1432

30

204

500.0

7.3

Selenium

Silver

TOTAL

2453

530

15,358

196

1129

30

0

81

0

100.0

8.0

Source: Franklin Associates, Ltd., Summer of Ground-water Contamination Cases
at Coal Combustion Waste Dis osal Sites, prepared for the U.S.
Environmental Protection Agency, March 1984.
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EXHIBIT 5-14

SUMMARY OF SDWS EXCEEDANCES IN THE FRAlKLM ASSOCIATES SURVEY

I

Chloride

Copper

Iron

Manganese

pH

Total
bbb i

2921

650

3140

1673

4107

~X ~0 100 X

109 14

1942 862 149

1050 467 80

843

Number of Observations
Exceed DWS B Highest Exceedance

X SDW

42.0

1.2

4,000.0

2,400.0

Sulfate 4378 1059 13 23.2

TDS 1925 920 24 28.7

Zinc 1175 28 0 46.0

TOTAL 19,969 5952 1384 229

Source: Franklin Associates, Ltd., umma G u d-w e Contam'io C ses
at Coal Combustion Waste Dis osal S tes, prepared for the U.S.
Environmental Protection Agency, March 1984.
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5.2.3 Envirosphere Ground-Water Survey

In response to the temporary exemption of utility wastes from regulation

under Subtitle C of RCRA, the Utility Solid Waste Activities Group (USWAG)

commissioned Envirosphere, Inc., to review information available from electric

utilities on the quality of ground water at utility waste disposal sites. 24

Envirosphere solicited information from 98 utilities on the number and type of

constituents they monitored, the frequency with which measurements were taken„

and the period of time for which they had collected ground-water monitoring

data. Ninety-six of the contacted utilities responded to the request for

information. From these 96 utilities, Envirosphere selected for further study

those that appeared to have adequate data on ground-water quality. These

utilities were contacted and asked to provide their available data for use in

Envirosphere's study. The participating utilities (the exact number of

utilities was not provided) forwarded the requested information to Envirosphere

on the 28 disposal facilities they operated. The utilities chose to withdraw

three of the 28 disposal sites from the study subsequent to the analysis of the

data, leaving 25 disposal sites in the data pool.

In order to analyze the data, Envirosphere paired the measurements taken at

upgradient and downgradient wells at approximately the same time and in the same

25aquifer. These data were then compared to the applicable drinking water

standards to determine whether the standards had been exceeded. Two disposal

sites were then eliminated from further consideration because no upgradient

wells could be identified. The remaining 23 disposal sites produced a total of

9,528 paired measurements of upgradient and downgradient ground-water

concentrations.



EXHIBIT DJW - 4.6 
Page 241 of 372

ELEC
TR

O
N
IC
ALLY

FILED
-2019

February
26

2:53
PM

-SC
PSC

-D
ocket#

2018-319-E
-Page

100
of141

5-49

Exhibit 5-15 summarizes the information from the Envirosphere data base for

those cases where the Primary Drinking Water Standards (PDWS) were exceeded by

the downgradient measurement. The most obvious indication that a waste facility

is contributing to a PDWS exceedance is a measurement indicating downgradient

values higher than the PDWS and upgradient values lower than the PDWS.

According to Envirosphere's report, about 1.7 percent of the data fell into this

category. For those cases in which both the upgradient and downgradient26

values were exceeded, Envirosphere argued that it was difficult to attribute the

exceedances to the disposal facility without further site-specific analysi.s.

About 5 percent of the measurements fell into this category, with 60 percent of

these indicating upgradient values equal to or greater than the downgradient

values.

Maximum concentrations of several substances significantly exceeded the PDWS

in downgradient wells: arsenic, 560 times the PDWS; lead, 480 times the PDWS;

mercury, 235 times the PDWS, and selenium, 100 times the PDWS. These values

must be compared to the maximum upgradient reading since some of the

contamination may be unrelated to the disposal facility. As shown in Exhibit

5-15, the downgradient concentration was sometimes higher than the upgradient

value even when the upgradient value exceeded the PDWS. However, exceedances of

the magnitudes shown in Exhibit 5-15 comprised a small fraction of the total

measurements in the Envirosphere data base.

The Envirosphere data also included information regarding exceedances of the

Secondary Drinking Water Standards (SDWS). A summary of these data is shown in

Exhibit 5-16. The data indicate that in 8.2 percent of the cases the
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KKHIBIT 5-15

SUMMARY OF PDWS EKCEEDAECES IH EHVIROSHKRE'S GEOUMD-WATER DATA

Downgradient Observations ~aei WS e
Upgradient Does

Total U radie Exceeds
i ~ob s b a. s

Maxisass
Downgradient
Observation~DUW h/

Arsenic 588 7 1 0 0 560 (192)

Barium 298 0 0 0 0 1 (3)

Cadmium 571 59 10 9 2 6 (1)

Chromium 658 20 3 10 2 20 (76)

639 29 5 67 10 480 (220)

Mercury 575 8 1 2 ~c 235 (9)

Selenium 489 5 1 34 7 100 (100)

Silver (0.2)

TOTAL 4079 128 3 Qd 122 3 gd

~a Envirosphere classified measurements by comparing downgradient values with
upgradient values. When the downgradient value exceeded the PDWS, classi-
fication depended on whether the upgradient value also exceeded the PDWS.
Both categories of measurements are shown here, although Envirosphere
focused primarily on pairs of measurements in which the downgradient value
exceeded the PDWS but the upgradient value did not.

b+ Maximum downgradient value observed in the Envirosphere data base. The
corresponding paired upgradient concentrations are not available. The
maximum upgradient value of all measurements at the same facility is shown
in parentheses. Less than 0.5 percent.

Qd These percentages apply to the total number of observations. Envirosphere
"normalized" the data to correct for sites that had a high proportion of
data points so that one site would not be overly represented; these
normalized values are noted in the text of the report.

Source: Envirosphere Company, "Report on the Ground-water Data Base
Assembled by the Utility Solid Waste Activities Group," in USWAG,
Re ort and Technical Studies on the Dis osal and Utilization of
Fossil-Fuel Combustion B -Products, October 26, 1982, Appendix C.



EXHIBIT DJW - 4.6 
Page 243 of 372

ELEC
TR

O
N
IC
ALLY

FILED
-2019

February
26

2:53
PM

-SC
PSC

-D
ocket#

2018-319-E
-Page

102
of141

5-51

EXHIBIT 5-16

SUMMART OF SDWS ~CES IH ENWIROSPHEREAS GROUND-WATER DATA

Total
~db

Upgradient Does
Not Exceed

umber
U radient Exceeds
~umber

Downgradient Observations +a

Exceedin SDWS When Maximum
Downgradient
Observation
~~RWWS h/

Chloride

Copper

Iron

Manganese

Sulfate

502

452

964

487

1028

60

157

289

32

28

376

143

57

39

29

22 (5)

2 (0.02)

3458 (2)

474 (5)

32 (8)

Total Dissolved
Solids

Zinc

908

~38

159 18 292 32 31 (2)

1 (0.1)

TOTAL 4728 681 14 ~c 875 19 ~c

~a Envirosphere classified measurements by comparing downgradient values with
upgradient values. When the downgradient value exceeded the SDWS,
classification depended on whether the upgradient value also exceeded the
SDWS. Both categories of measurements are shown here, although Envirosphere
focused primarily on pairs of measurements in which the downgradient value
exceeded the SDWS but the upgradient value did not.

b+ Maximum downgradient value observed in the Envirosphere data base. The
corresponding (paired) upgradient concentrations are not available. The
maximum upgradient value of all measurements at the same facility is shown
in parentheses.

gc These percentages apply to the total number of observations. Envirosphere
"normalized" the data to correct for sites that had a high proportion of
data points so that one site would not be overly represented; these
normalized values are noted in the text of the report.

Source: Envirosphere Company, "Report on the Ground-water Data Base Assembled
by b 'A'

A A d A
'

A y,b
Technical Studies on the Dis osal and Utilization of Fossil-Fuel
Combustion 8 -P oducts, October 26, 1982, Appendix C.
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downgradient value exceeded the SDWS while the upgradient value did not. In

some cases the exceedances were substantially greater than the SDWS; e.g., the

maximum observation for iron was 3458 times greeter than the SDVS and manganese

was 474 times greater.

In summary, the Envirosphere ground-water data show that Primary and

Secondary Drinking Vater Standards were exceeded in ground water downgradient

from utility waste disposal facilities. However, the percentage of cases in

which constituent concentrations in downgradient wells exceeded the standards

when those in upgradient wells did not was small. There are limitations in the

data, due in part to the way in which they were collected (e.g., only data from

those utilities that voluntarily submitted data are included in the report).

There is also a limited amount of information regarding the extent to which

site-specific factors, such as environmental setting characteristics or other

possible sources of contamination, could have had an effect on ground-water

contamination.

5.2.4 Summary

The studies described in this section demonstrate that downgradient

ground-water and surface-water concentrations exceeded the PDWS and SDWS for a

few constituents. In some of these downgradient exceedances, corresponding

upgradient exceedances also occurred, suggesting that the contamination was not

necessarily caused by the waste disposal sites. For cases in which the

downgradient ground water had constituent concentrations higher than the

corresponding upgradient concentrations, the PDWS exceeded most often were those

for cadmium, chromium, lead, and to a lesser extent, arsenic.
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Some PDWS exceedances were quite high, e.g., up to 560 times for arsenic and

480 times for lead (see Exhibit 5-15). However, the frequency of PDWS

exceedances for downgradient ground water and surface water is rather low. For

example, 3.7 percent of the Envirosphere data had downgradient ground-water

concentrations of PDWS higher than those measured in upgradient wells. Three of

the six Arthur D. Little sites had downgradient ground water with concentrations

of constituents that were both above the PDWS and above corresponding upgradient

concentrations. Although the Arthur D. Little pond liquor data show high

concentrations of PDWS and SDWS constituents, in most cases the constituents

appeared to be contained within the disposal area or attenuated in the

surrounding soils. This is particularly true for the case of arsenic, which was

detected in the waste fluids at a level 31 times the PDWS, but was not found at

elevated levels in ground water or surface water. There were no exceedances of

arsenic, barium, mercury, selenium, or silver in downgradient ground water at

any of the six Arthur D. Little sites. The Envirosphere study detected no

exceedances of barium or silver.

5.3 EVIDENCE OF DAMAGE

This section examines documented cases in which danger to human health or

the environment from surface runoff or leachate from the disposal of coal

combustion wastes has been proved. The first part of this section reviews two

major studies conducted for the Utility Solid Waste Activities Group (USWAG): a

1979 Envirosphere, Inc., study and a 1982 Dames and Moore study. To supplement

these two major studies, in 1987 EpA conducted a literature review of all

readily-available sources, which revealed only two additional case studies on

proven damages occurring in 1980 and 1981. The Agency has not identified any
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proven damage cases in the last seven years; however, no attempt was made to

compile a complete census of current damage cases by conducting extensive field

studies.

As with all damage cases, it is not always clear whether damages could occur

under current management practices or whether they are attributable to practices

no longer used. As described in Chapter Four, there has been an increased

tendency in recent years for utilities to utilize mitigative technologies,

including a shift to greater use of landfills rather than surface impoundments

and an increased use of liners.

5.3.1 Envirosphere Case Study Analysis

The Utility Solid Waste Activities Group (VSWAG) and the Edison Electric

Institute (EEI) commissioned the Envirosphere Company in 1979 to investigate and

document available information on the nature and extent of the impact of utility
27solid waste disposal on public health, welfare, and the environment. To

conduct this analysis, Envirosphere reviewed various reports, including EPA's

damage incident files, environmental monitoring studies at utility disposal

sites, and other research and studies as available; they contacted state

regulatory agencies to determine what information was available in state files.

From its review of the available data, Envirosphere found few documented

cases where utility solid waste disposal had potentially adverse environmental

effects. They identified nine cases from EPA's damage incident files that

appeared to show damage to the environment. Envircsphere reviewed data from

environmental monitoring studies at the utility disposal sites and other
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available research, and noted that the information available on the potential

impacts of utility waste disposal was inconclusive. Some data indicated "...
that elevated levels of some chemical parameters have occurred at locations

downgradient of some utility solid waste disposal sites." Envirosphere

concluded, however, that it was not clear to what extent these impacts could be

attributed to utility solid waste disposal practices.

Some of the specific cases from Envirosphere's sources are summarired below:

71977.6 lyl''pp lyl lid
14.3 acre disposal pond for metal cleaning solutions.
The liner dried and cracked before wastes were introduced
into the facility. After the pond was put in service,
ground-water monitoring wells detected contaminant
migration. Levels of selenium and chromium occasionally
exceeded the PDWS for these elements, and several SDWS
were exceeded. The pond was taken out of service, the
liner was saturated with water, and the pond was put back
into operation.

1977.9'ph f dh 1 hlgf
large, unlined ash disposal ponds was contributing to
ground-water contamination. Arsenic and lead were found
in downgradient ground water at concentrations about two
times the PDWS, while concentrations of selenium were
about four times the PDWS.

Penna lvanis 1975. A private waste handler illegally
disposed fly ash in a marsh located in a tidal wetland
area. Visual inspections by the state indicated marsh
contamination due to fly ash leachate. When ordered to
stop the dumping and clean up the site, the handler
declared bankruptcy, and the ash remained in the marsh.
Detailed analysis of any potential impacts has not been
conducted.

Connecticut 1971. A municipal landfill, which was
located in a marsh, accepted many substances, including
large quantities of fly ash. Surveys revealed numerous
SDWS contaminants, some of which appeared to be related
to the ash. The site, considered unsuitable for disposal
of solid waste, was closed and turned into a state park.

1967. d'k d' fly h * 1'
lagoon collapsed, and 130 million gallons of caustic
solution (pH 12.0) were released into the Clinch River.
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Large numbers of fish were killed over a distance
extending 90 miles from the spill site. Surveys
conducted 10 days after the spill showed dramatic
reductions in bottom dwelling fish food organisms for 77
miles below the release site. Virtually all such
organisms were eliminated for a distance of 3 to 4 miles.
The waste was eventually diluted, dispersed, and
neutralized by natural physical/chemical processes. Two
years after the spill, however, the river had not fully
recovered.

5.3.2 Dames & Moore Study of Fasvironmental Impacts

Dames & Moore, in a study for USUAG, conducted a survey of existing data and

literature to document instances in which danger to human health and the

environment was found to have occurred because of the disposal of coal
28combustion wastes. Dames & Moore established criteria by which to evaluate

whether a given record of a contamination incident could be considered

"documented" evidence proving danger to health or the environment: 1) the

report must exist in the public record; 2) the case must involve high-volume

(utility) wastes; 3) information must exist to permit determination of possible

health or environmental risks; and 4) the possible risks may have been caused by

leachate migration or runoff from utility disposal sites.

The danger to health and the environment was examined by accounting for the

types, concentrations, and locations of constituents shown to be present that

could have harmful effects. In addition, Dames & Moore considered both the

potential for public access to utility waste constituents and any observed

effects on the population or environment. The three major data sources

providing information reviewed in this study were computer data bases used to

search for publicly available references; Federal Government agencies such as
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EPA, U.S. Geological Survey, and the Tennessee Valley Authority; and 12 state

environmental, natural resource, health or geological agencies.

Using information from these sources, Dames & Moore identified seven cases

that presented a potential danger to human health and the environment. Six of

the seven cases involved potential impacts from ground water and one case

involved surface water. Dames & Moore concluded that none of these cases

represented a "documented" case of such danger. However, Dames & Moore

eliminated several sites from the documented category because they believed

sufficient data from the sites were unavailable or did not meet the selection

criteria described above. Dames & Moore evaluated in detail the seven sites at

which there existed a potential for adverse environmental and health effects.

Their findings are summarized below,

~ Chisman Creek Dis osal Site York Count Vir inia. The
Chisman Creek disposal area was an inactive site with
four separate fly ash disposal pits on both sides of
Chisman Creek. An electric utility hired a private
contractor to transport and dispose of fly ash and bottom
ash from petroleum coke (a residual product of the oil
distillation process) and coal combustion. The site was
active from the late 1950's to 1974. In 1980, nearby
residential drinking water wells became green from
contamination of vanadium and selenium and could no
longer be used. The site is currently on the CERCIA
(Superfund) National Priorities List. A minimum of 38
domestic wells and 7 monitoring wells near the four
disposal sites were sampled over time. Two off-site
domestic wells located 200 feet from the disposal area
had elevated concentrations of vanadium, selenium, and
sulfate. One of these two wells was sampled four times.
Three of the four measurements exceeded the PDWS for
selenium up to 2 times. Another domestic well contained
0.11 mg/I of vanadium. (EPA has not established
concentration limits for vanadium.) At both wells,
sulfate concentrations exceeded the SDWS. In addition,
samples from six of the seven monitoring wells exhibited
increased concentrations of sulfates. The highest
concentrations of selenium and vanadium that were
observed in monitoring well samples were 0.03 (3 times
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the PDWS) and 30 mg/I, respectively. The high
concentrations of selenium and vanadium were noticed in
monitoring wells that were drilled directly through the
disposal pits.

The Virginia State Water Control Board (SWCB) conducted
the initial study at this site. The SWCB concluded that
the quality of ground water immediately beneath and down-
gradient from the site had been affected. Moreover, the
SWCB stated that the water in the two domestic wells had
elevated concentrations of selenium and vanadium because
of the disposal of the fly ash. Dames & Moore was
critical of the conclusions reached by the SWCB because
of what they termed "significant data gapa." Dames &

Moore cited a lack of background water quality
information and a general lack of information on the well
installation, sample collection procedures, and other
possible sources of contamination, such as the York
County landfill which is adjacent to one of the ash
disposal areas. The two contaminated off-site domestic
wells identified by the SWCB, however, were over 2,000
feet from the county landfill but within a couple of
hundred feet from the ash disposal areas. Additionally,
monitoring wells located between the landfill and the
affected domestic wells did not register the same
elevated concentrations of selenium. Residents in the
area no longer rely on ground water for their drinking
water.

~ erce S te Wallin ford Connecticut. Coal fly ash had
been deposited at the Pierce Site since 1953. In 1978,
the United States Geological Survey (U.S.G.S.) collected
ground-water quality data from three on-site wells - one
upgradient and two downgradient. The U.S.G.S. took
samples from the wells on three days over a period of two
months. One sample from one downgradient well showed a
concentration of chromium that exceeded the PDWS by a
multiple of 1.6. Concentrations of cadmium, manganese,
zinc, and sulfate were higher in the downgradient wells
than in the upgradient well.

According to Dames & Moore, there were not enough data at
this site to state conclusively whether or not the ground
water had been adversely affected by the fly ash pit. To
determine potential damage to ground water quality, Dames
& Moore stated that EPA recommends a minimum of three
downgradient wells and one upgradient well. In this
case, there were only two downgradient wells. Three
samples over a period of two months were not considered
sufficient because naturally occurring temporal changes
in the area were believed to render comparisons invalid.

The Pierce disposal site is situated on a deposit of
thick, stratified sediments composed of particles that



EXHIBIT DJW - 4.6 
Page 251 of 372

ELEC
TR

O
N
IC
ALLY

FILED
-2019

February
26

2:53
PM

-SC
PSC

-D
ocket#

2018-319-E
-Page

110
of141

5-59

range in size from clay to coarse sand. The disposal
site is located within a few hundred feet of the
Quinnipiac River, and the ground water flows from the
site to the river, which diluted contaminants in the
ground water. Although there are residences within a few
blocks of the power plant, they do not use local ground
water for drinking supplies.

~ Michi an Cit Site Michi an Cit Indiana. The Michigan
City site, situated on the shore of Lake Michigan,
contained two fly ash disposal ponds. Ground-water flow
at the site was towards Lake Michigan, facilitated by the
porous sand that underlies the site. Twenty-one
monitoring wells were installed at this site. Two of
these were placed upgradient from the site outside the
site boundaries; the remaining 19 wells were established
within the boundaries of the facility and downgradient
from the disposal areas.

Monitoring of the wells (which took place periodically
over a one-year period) indicated that trace metals
migrated from the disposal sites and that certain
constituents had elevated ground-water concentrations.
Arsenic and lead were observed in concentrations that
exceeded their PDWS. Seven samples collected from three
downgradient monitoring wells had arsenic concentrations
that exceeded the standard -- up to 100 times the PDWS.
All of the samples taken from the upgradient off-site
monitoring wells contained arsenic at concentrations
below the PDWS. Five of the downgradient monitoring
wells contained lead concentrations which exceeded the
PDWS, with the highest exceedance 7 times the PDWS.
Three samples from the two upgradient monitoring wells
also had lead concentrations in excess of the standard,
with the highest exceedance 3 times the PDWS.

Dames g Moore concluded that effects on ground water
appeared to be limited to areas within the facility
boundaries because of attenuation mechanisms operative at
the site -- absorption, dilution, precipitation, and a
steel slurry wall installed between the disposal site and
Lake Michigan. However, no downgradient monitoring wells
were situated off-site. Based on the locations of the
waste disposal sites and the monitoring wells, it appears
that the ash ponds are responsible for arsenic concen-
tration above the PDWS in the ground water within the
site boundaries. Because high lead concentrations were
observed in some of the upgradient background wells, it
is impossible to state with certainty that the high lead
concentrations in the ground water are attributable to
the disposal sites. Dames and Moore noted that nearby
residents do not use the ground water for their water
supply.
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Baill Site Dune Acres Indiana. The Bailly site is
located near the Indiana National Lakeshore on Lake
Michigan in a highly industrialized area. Fly ash at
this site has been slurried to interim settling ponds,
which are periodically drained. The drained ash is then
disposed in an on-site pit. Two aquifer units,
designated Unit 1 and Unit 3, underlie the site. Unit 1
contains fine-to-medium sand and some gravel, while Unit
3 is composed of sand with overlying layers of varying
amounts of sand, clay and gravel.

Ground-water samples from Unit 1 were collected from an
upgradient well and from several wells downgradient from the
ash settling ponds. Samples from Unit 3 were collected
upgradient and from one well downgradient from the ash ponds.
These wells were sampled at five-week intervals between
September 1976 and May 1978,

In samples from Unit 1, arsenic, cadmium, fluoride, and
lead occasionally exceeded the PDWS. Upgradient
concentrations of arsenic never exceeded the PDWS,
whereas the maximum downgradient concentration for
arsenic was 4.6 times the PDWS. Downgradient on-site
concentrations of cadmium exceeded the PDWS at one well
by 25 times, while the maximum upgradient concentration
of cadmium exceeded the PDWS by 22 times. One
downgradient well measurement indicated lead
concentrations that exceeded PDWS by 1.26 times.

All of the above-mentioned exceedances were observed in
Unit 1. None of the samples from Unit 3 contained
constituents at concentrations that exceeded the PDWS.

Aluminum, boron, iron, manganese, molybdenum, nickel,
strontium, and zinc all increased in concentration
downgradient from the disposal areas, though not in
levels exceeding the SDWS.

Leachate from the ash disposal ponds is the most probable
contributor to the increased concentrations of arsenic
and lead observed in the aquifer samples taken from the
on-site wells. Cadmium was the only constituent whose
downgradient off-site concentration was observed to
exceed the PDWS. However, because elevated cadmium
concentrations were also found in samples taken from the
background well, the elevated concentrations of cadmium
may not have been caused by the leachate from the coal
ash. Dames and Moore noted that ground water at this
site flows away from the nearest residential area.

Zullin er uarr Fl Ash Dis osal Site Franklin Count~pl ' Pg 1 11' q y
'

limestone formation in south-central Pennsylvania. The
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quarry was excavated to 40 feet below the water table.
Fly ash was deposited in the quarry from 1973 to 1980
with no attempt to dewater the quarry prior to placement
of the fly ash.

The site operator, consultants, and the Pennsylvania
Department of Environmental Resources (DER) have been
independently involved in water quality investigations at
the site. Initially, six monitoring wells were
established onsite. Later, several existing off-site
domestic wells were added to the sampling program. Two
of the monitoring wells were installed upgradient to
provide background constituent concentrations. The other
monitoring wells, and the domestic wells in the sampling
program, were downgradient from the fly ash deposited in
the quarry.

Lead was found to exceed its PDWS by up to eight times in
eight out of over 100 samples. Six of these eight
exceedances occurred in two on-site monitoring wells,
while the seventh (2.6 times PDWS) was found in an
off-site domestic well. Another exceedance (1.5 times
PDWS) was found in the background well.

Several constituents for which there are secondary
drinking water standards were found in elevated
concentrations downgradient from the ash disposal site.
Sulfate concentrations increased dramatically during the
first few years of quarry filling, then began to sharply
decline in 1976 when the fly ash had filled the quarry.
From 1976 until deactivation of the disposal site in
1980, the fly ash was deposited above the water table.
Zinc and iron were also found in elevated concentrations.
Elevated levels of sulfate, zinc, and iron are probably
attributable to leachate from the fly ash, as are the
lead levels in excess of the PDWS. Most of the trace
metals appear to be attenuated onsite by the limestone
formation.

~ Conesville Site Conesville Ohio. Various types of coal
combustion waste had been deposited at the Conesville
site in central Ohio. The monitoring program at the
Conesville site was established to determine the ability
of an FGD sludge fixation process (Poz-O-Tec, a solid
material produced by mixing FGD sludge with fly ash and
lime) to stabilize and thus immobilize potential
contaminants. The stabilized FGD sludge has been
deposited next to a fly ash pond. Permeable sand and
gravel underlie the Muskingum River flood plain on which
the Conesville site is located.

A total of 34 monitoring wells were installed at the
Conesville site. Two of the wells were situated
upgradient from the disposal area to provide the
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necessary background water quality data. Two sets of
water quality data were taken, the first between February
27 and April 12, 1979, and the second between December 4,
1979, and July 10, 1980.

Some samples from the first set of data contained
constituents at concentrations that exceeded the PDWS.
Lead concentrations exceeded the PDWS in two on-site
wells by up to 3 times and three off-site wells by up to
2 times. The concentration of mercury found in one
sample from an on-site well exceeded the PDWS by 1.4
times; however, this exceedance could not be attributed
to the fly ash. One of the fourteen background
measurements had the highest observed concentration of
selenium, 6 times the PDWS. Thus, selenium appears to be
leaching from indigenous sediments rather than from the
FGD waste and fly ash deposited at the site. The first
set of data also showed the SDWS constituents of calcium,
magnesium, total dissolved solids, sulfate, and iron, had
increased in those wells located on the site property and
just across the property boundaries.

Measurements taken between December 1979 and July 1980
showed increases in calcium, magnesium, total dissolved
solids, and sulfate relative to those measurements taken
in the first data collection period. Concentrations'in
excess of the PDWS were found for selenium (several
wells), arsenic (one sample), cadmium (four samples), and
chromium (five samples). Two of the chromium exceedances
were found in on-site wells, while three occurred in
off-site wells, with concentrations ranging up to 16
times the PDWS on-site and 2 times the PDWS off-site.
Background wells also had elevated levels of selenium.
The single arsenic exceedance (2.4 times the PDWS) and
all of the cadmium exceedances (up to 12 times the PDWS)
were detected in on-site wells. In contrast to the first
round of sampling, lead was not detected in concentra-
tions greater than the PDWS. The only constituents that
appear to be migrating offsite are lead and chromium.
Based on the data collected, it appears there may be a
temporal variation in the water quality at this site.
Dames and Moore noted that the town of Conesville is
downgradient from the site but on the other side of the
river, which would tend to mitigate potential adverse
impacts.

~ Hunts Brook Watershed Montville-Waterford Connecticut
The electric utility hired a private contractor to
transport and dispose of fly ash in three separate sites
(Chesterfield-Oakdale, Moxley Hill, and Linda Sites)
along three different tributaries to Hunts Brook.
Disposal of fly ash in this area began in the mid 1960's
and ended in 1969. The surface-water quality studies
that took place in this area focused on pH, iron,
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sulfate, and total dissolved solids (TDS). No analyses
were performed for any of the FDWS constituents.
Upstream surface water samples were compared to
downstream samples to determine if the surface water
quality had been degraded at any of the sites,

At the Chesterfield-Oakdale site, concentrations of iron
in the surface water increased from less than the SDWS to
more than 100 times the SDWS between the upstream and
downstream sampling points. Sulfate concentrations
increased by over an order of magnitude, from 20 to 299
mg/1, (at 299 mg/1, still only 1.2 times the SDWS)
between the upstream and downstream sampling positions,
while TDS increased from less than the SDWS to 44 times
the SDWS. At another sampling point approximately 1.2
miles downstream from the site, the measured parameters
had all returned to levels close to the upstream values.

At the Moxley Hill Site, the pH and iron concentrations
remained relatively constant between the upstream and
downstream sampling points; median sulfate values
increased, although not to levels exceeding the SDWS.
The elevated concentrations of sulfate and TDS had been
significantly attenuated at another point three-quarters
of a mile downstream.

At the Linda Site, no upstream data were collected. It
is therefore impossible to quantify the potential effects
of fly ash deposition on the water quality.

5.3.3 Other Case Studies of the Environmental Impact of Coal
Combustion By-Product Waste Disposal

This section presents a review of two independent case studies of

ground-water contamination at utility disposal sites.

Cedarsauk Site, Southeastern Wisconsin

The Cedarsauk site is a fly ash landfill in southeastern Wisconsin. At the
29time of this study, fly ash had been deposited at the site into an abandoned

sand and gravel pit over a period of eight years. Part of the pit is in direct

contact with an aquifer composed mainly of sand and gravel with some clay. This
-3

upper aquifer is approximately 15 to 20 meters thick with a permeability of 10
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to 10 cm/sec. Soluble carbon aqueous material comprises about 35 percent of-2

the aquifer. The upper sandy aquifer overlies another aquifer consisting of

fractured dolomite-bedrock.

A water quality study of the area was undertaken in 1975. This study

eventually included 35 monitoring wells and seven surface-water sampling sites.

Twenty of the wells were placed upgradient of the site to provide background

water quality information, while the remaining wells were positioned

downgradient. Sampling was performed on a monthly basis. Most of the

ground-water flow beneath the site surfaced in a marsh directly east of the msh

disposal area.

The monitoring results showed that downgradient ground water had SDWS

exceedances. Background levels of total dissolved solids (TDS) were below 5DO

mg/1, while the levels in the ground water downgradient from the disposal site
exceeded 800 mg/1, or 1.6 times the SDWS. After eight years of disposal, .zhe

contaminant plume appeared to stabilize approximately 200 meters downgradient

from the ash disposal site. The stabilization of the constituent plume appeared

to be due to dilution and the ability of the materials in the aquifer to

attenuate contaminants. Only iron, manganese, and zinc were found in detectable

quantities in the downgradient off-site wells.

The maximum detected iron concentration was more than 33 times the SDWS,

while the maximum manganese concentration reached 30 times the SDWS. Neither

iron nor zinc could be detected 200 meters downgradient from the disposal size.

Another contributor to ground-water contamination at this site was sulfate

Background concentrations of sulfate varied between 20 and 30 mg/1 (well belrss
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the SINS), whi1e the concentrations of sulfate in the contaminant plume achieved

levels approximately 3.4 times rhe SOS., 0rher trace metals for which analyses

were performed, such as copper, molybdenum, nickel, lead, and titanium, were not

detected.

As the leachate contacted zhe sediments sn zhe ~, ir.was neutralized

from an initial pB waiue nf 4.5 xo around neutral pII levels (i.e., about 7.0).

Zbie change in pa ~y caused she precipitation M smsty of the trace metals

and 'other constituents in. the leachate. In addition, adsorption reactions

between the clay in the s~ and the .constituents pznbshly attenuated the

leachate concentrations oi many of the potential contaminants observed in the

leachate.

Fly ash at this site had been deposited ln a nunc pit and between mine ash

piles. 4 study was conducted to determine tbe potential effects of FGD and fly
30ash disposal on ground water quality at the surface mining site. This

investigation used field monitoring and laboratory column leaching experiments

conjunction with geochemical computations Sy collecting both field and

laboratory data, the investigators 'hoped to test the applicability of laboratory

column experiments to field situations. Roughly 150 wells were placed both in

the vicinity of zhe waste disposal sites and in unaffected areas.

Ground-water concenrrations were generally within drinking water standards

in the background wells. Bowever, selected constituents were. higher than the

drinking water standards. For instance, sulfate concentrations tended to exceed
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the SDWS by a factor of 2 to 4. The maximum iron concentration was 4.3 times

the SDWS. Manganese concentrations were all above the SDWS, varying from 0.06

to 2.75 mg/1, or 1.2 to 55 times the SDWS.

Samples collected from wells located adjacent to the FGD waste site

indicated that none of the PDWS constituents exceeded the standards. For the

SDWS constituents, molybdenum concentrations fluctuated between 0.070 and 4.850

mg/1, and sulfate concentrations reached a high of 9,521 mg/1, or 38 times the

SDWS. (EPA has not established maximum concentration levels for molybdenum.)

Ground water in areas that appear to be affected by leachate from the fly

ash disposal sites had sulfate concentrations ranging from 21.7 to 211 times the

SDWS. Higher values were obtained immediately below recent deposits of fly ash,

while lower values were observed at older sites or at greater distances from the

disposal area. Arsenic and selenium concentrations in the ground water were as

high as 0.613 mg/1 (12 times the PDWS) and 0.8 mg/1 (80 times the PDWS),

respectively. The highest arsenic and selenium concentrations were associated

with higher pH values. Ground-water pH values for samples in the area of the

fly ash ranged from 6.95 to 12.1. (The Secondary Drinking Water Standard for pH

is 6.5 to 8.5). Iron and manganese concentrations were also high in samples

taken from around the fly ash disposal site. The maximum concentration of iron

was 8.6 times the SDWS; the maximum concentration of manganese was 130 times the

SDWS.

Leachates from the fly ash of western coals are often characterized by a

high pH that tends to cause many potentially harmful constituents to be

released. The pH-dependent solubility of many trace elements, as apparently
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observed at this site, demonstrates the importance of neutral pH values that are

conducive to contaminant attenuation.

5.3.4 Smeaary

The studies reviewed in this section indicate that consti.tuents from

coal-combustion waste disposal sites have been detected in both on-site and

off-site ground and surface water. However, those constituents that did exceed

the drinking water standards seldom exceeded these standards by more than ten

times. Moreover, the total number of exceedances is quite small compared to the

total number of monitoring wells and samples gathered. The contaminant

exceedances that do occur appear to be correlated to some extent with acidic or

alkaline pH levels. At fly ash disposal sites, pH values between 2 and 12 have

been measured. High and low pH values can contribute to metal solubility in

ground water.

There are two documented cases of coal combustion waste disposal sites

causing significant harm to the environment. Drinking water wells around the

Chisman Creek fly ash disposal site in Virginia (which was closed in 1974) were

contaminated with high concentrations of vanadium and selenium. Concentrations

of these elements at this site were also due to petroleum coke waste (a product

of oil combustion, not coal combustion). The site has been placed on the CERCLA

National Priority List. In 1967, a dike failed at a utility waste disposal site

on the banks of the Clinch River in Virginia, causing waste to spill into the

river. This accident caused substantial damage to the biotic life in the river.
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5.4. FACTORS AFFECTING EKPOSURE AND RISK AT COAL
COMBUSTION WASTE SITES

The previous sections analyzed the constituents of coal combustion waste

leachates and the quality of the ground water and surface water surrounding

disposal sites. However, this is only part of determining the potential dangers

that the wastes pose to human health and the environment. Exposure potential,

the degree to which populations could be expected to be exposed to potentially

harmful constituents, must also be analyzed. Exposure potential is determined

by a variety of factors. Hydrogeologic characteristics of a site will affect

the migration potential of waste constituents. Proximity of sites to drinking

water sources and to surface-water bodies will determine potential for exposure

to populations using the water sources.

In order to address this issue of exposure, EPA collected a wide variety of

data on a random sample of 100 coal-fired utility plants around the country.

The sample was taken from the Utility Data Institute Power Statistics Database,

which contains information on every coal-fired electric utility plant in the

country. Host plants dispose of their waste on-site, and in these cases

information was collected on the plant location given by the data base. If the

plant disposed off-site, data were collected on that off-site location. EPA

assumed that off-site disposal took place at the nearest municipal landfill,

unless additional information indicated otherwise. Characteristics such as

depth to ground water, hydraulic conductivity, distance to surface water,

location of private and public drinking water systems, type of surrounding

natural ecosystems, and location of human population were obtained from a wide

variety of sources. This simple aggregation of the individual factors affecting

exposure at coal combustion waste sites provides a qualitative perspective on
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the potential risk that coal combustion waste sites pose, and is presented in

Sections 5.4.1-5.4.3. Appendix F displays the data for each coal combustion

waste site in the random sample.

5.4.1 Environmental Characteristics of Coal Combustion Haste Sites

Environmental characteristics of coal combustion utility waste sites will

have a significant effect on the potential for the waste constituents to travel

and reach receptor populations. Key environmental characteristics are:

Distance to surface water - The distance between a coal
combustion waste disposal site and the nearest surface
water body. Proximity to surface water would decrease
the possible health effects of ground-water contamination
due to the fact that there would be fewer opportunities
for drinking water intakes before the ground water
reached the surface water body; once the plume reached
the surface water, contamination would be diluted.
However, proximity to surface water would possibly
increase danger to aquatic life because less dilution of
the contaminant plume would occur before the plume
reached the surface water body.

Flow of surface water - A high surface water flow will
increase the dilution rate of coal combustion
constituents that may enter the surface water, thereby
reducing concentrations in the surface water.

Depth to ground water - The distance from ground level to
the water table. A larger depth to ground water will
increase the time it takes for waste leachates to reach
the aquifer; it also allows more dispersion of the
leachate before it reaches the aquifer so that once the
leachate reached the aquifer, concentrations of metals
would be decreased.

Hydraulic conductivity - This factor is an indication of
the rate at which water travels through the aquifer. A
high hydraulic conductivity indicates that constituents
will travel quickly through the ground water and possibly
more readily reach drinking water wells, although high
conductivity also indicates a more rapid dilution of
constituent concentration.
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~ Net recharge - This factor is a measure of net
precipitation of a site after evapotranspiration and
estimated runoff is subtracted. Recharge is calculated
in order to determine the amount of rainfall annually
absorbed by the soil. A high net recharge indicates a
short period of time for contaminants to travel through
the ground to the aquifer, but will also indicate a
higher potential for dilution.

~ Ground-water hardness - This factor is a measure of the
parts per million (ppm) of calcium carbonate (CaC03) in
the aquifer. Ground water with over 240 ppm of CaC03 is
typically treated when used as a public drinking water
supply. This treatment of the hard ground water has an
indirect mitigative effect on exposure because treatment
of the ground water will tend to remove contamination
from other sources.

To conduct this exposure analysis, environmental data on the 100 randomly

selected coal combustion waste sites were gathered using a number of sources.

These data were then aggregated in order to present an overview of the

environmental characteristics that contribute to exposure. The data collected

on the sample of coal combustion waste sites were compared to information

presented in a study by Envirosphere for the Electric Power Research

Institute. The Envirosphere report gave detailed information on the31

hydrogeologic settings of 450 operating utility plants. The information

provided by the exposure analysis on the sample of 100 plants corresponded

fairly closely with the settings described in the Envirosphere report.

The following sections summarize the data that were collected and the

relationship of the various characteristics to potential exposure.

5.4.1.1 Distance to Surface Water and Surface-Water Flow

The proximity of a waste site to surface water affects exposure potential in

several ways. If the site is very near a surface-water body, there is less
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opportunity for humans to use contaminated ground water as a source of drinking

water. However, sites that are close to surface water can more easily

contaminate the surface-water body, although waste constituents will be more

quickly diluted if the flow of the surface water is high.

Distance to the nearest surface-water body, e.g., creek, river, lake, or

swamp, was determined from measurements obtained using United States Geologic

Survey (U.S.G.S.) maps. The sample of coal combustion waste sites was located

on 7-1/2 or 15 minute maps, and the distance between the site and nearest

surface water body was calculated.

When the boundaries of the plant or waste site were marked on the maps, the

reference point was the downgradient boundary of the site. If the boundaries

were not marked, the latitude and longitude points for the sites provided by the

Utility Data Institute Power Statistics Database were used.

The average distance from the sample of coal-burning waste sites to

surface-water body is 1279 meters. Distances range from 10 to 18,000 meters.

Over 50 percent of the disposal sites are within 500 meters of surface water;

more than 70 percent are within 1,000 meters of surface water. Exhibit 5-17

provides the number and percentage of sites within specified distances of

surface water,

Since most sites are located somewhat near surface-water bodies, the

potential for human exposure to contaminated ground water seems to be low. The

proximity of the sites to surface water could, however, pose a threat to

aquatic life and to humans using the surface water if contaminants are entering
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EXHIBIT 5-17

DISTANCE OF COAL CONBUSTION IiIASTE SITES TO SURFACE WATER
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the surface water. The concentration in surface water will be less, however,

if the surface-water body close to the site has a high flow.

Flow data on surface-water bodies near the sample of 100 sites were

obtained from U.S.G.S. data. Flow is expressed in terms of cubic feet per

second (cfs), and given for minimum and maximum average flow for one-month

periods, In order to obtain a conservative estimate of exposure (i.e., one

that does not understate exposure) this report used estimates for the month

with the minimum monthly flow. The results are presented in Exhibit 5-18.

Exhibit 5-18 shows that 19 percent of the sites have a flow of zero. A .

zero flow generally indicates that the body of water is a lake, swamp, or marsh

that does not have any continual flow of water, although this category could

include a seasonal stream. For surface-water bodies with zero flow, dilution

of potential contamination would occur because of the volume of water in the

surface-water body, but there would not be any additional dilution as water

flowed away from the source of contamination. Forty-one percent of the

surface-water bodies have a flow of 1-1000 cubic feet per second, 21 percent

have a flow of 1,000-10,000 cfs, and 18 percent have a flow of over 10,000 cfs.

5.4.1.2 Hydrogeologic Neasurements

The hydrogeologic measurements of depth to ground water, hydraulic

conductivity, and net recharge were determined through the use of information

provided by the DRASTIC system. The DRASTIC system, developed by the National

Well Water Association, categorizes aquifers on the basis of geographic region

and subregion. Each site was located on a 7 I/2 or 15 minute U.S.G.S. map that
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EXHIBIT 5-18

FMW OF NEAREST SIIRFACE-WATER BODY
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was then compared with a map on which the 11 major DRASTIC regions had been

outlined. The topography and geology of the sites, which were determined from

looking at the U.S.G.S. maps, were assessed in order to further classify

thesites into DRASTIC subregions. Subregions are defined by hydrogeologic

characteristics and vary in size from a few acres to hundreds of square miles,

Measurements for depth to ground water, hydraulic conductivity, and net

recharge of the sites were taken largely from A Standard zed S stem o

Evaluat G ound-water Pollution otentia Usin H o eo o ic Sett s, by

the National Well Water Association, which presents a range of values for each
32of these hydrogeologic properties for each subregion. The ranges were

compared with characteristics that could be observed by studying U.S.G.S. maps,

and, when necessary, they were modified accordingly.

Depth to Ground Water

A small depth to ground water indicates a higher potential for waste

constituents to reach the ground water at harmful concentrations than if the

distance to ground water were greater, thereby increasing the chance of

ground-water contamination. Depth to ground water was generally based on

DRASTIC region and subregion, but was modified when the topography or site

characteristics indicated a depth different from that provided by the DRASTIC

system. For example, if the DRASTIC subregion indicated that there was a high

depth to ground water range, but a particular site was located very near a

surface-water body, the Agency used a smaller depth to ground water than the

DRASTIC range indicated.
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Exhibit 5-19 provides the number and percentage of sites within each range

of depth to ground water. Depth to ground water is calculated in feet and

based on 10 ranges. In over BO percent of the sites depth to ground water is

less than 30 feet, indicating a reasonably high potential that leachate from

the disposal site would reach the ground water.

Hydraulic Conductivity

Hydraulic conductivity is an indication of the ease with which a

constituent may be transported through the ground water. Conductivity is also

based on the site's DRASTIC region and subregion, and is measured in gallons

per day per square foot and grouped into six ranges.

Hydraulic conductivity is one of the factors used to calculate ground-

water velocity, or volumetric flow of the water table. Velocity has a direct

bearing on the degree to which leachate constituents are diluted once they

reach the ground water and travel to a point of exposure (i.e., human drinking

water source). High ground-water conductivity signifies high velocity and

therefore a high dilution potential.

Exhibit 5-20 provides the number and percentage of sites falling into each

hydraulic conductivity range. Thirty-three percent of the sites show a

hydraulic conductivity of 700-1,000 gallons per day per square foot; 27 percent

have a conductivity of 1,000-2,000 gallons per day per square foot. There is

a wide spread of conductivity values -- indicating hydrogeologic diversity

among sites.
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EXHIBIT 5-19

DEPTH TO GROUND WATER
AT COAL COBBUSTION WASTE SITES
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EKBIBIT 5-20

HYDRAULIC COBDUCTIVITY
AT COAL COKSUSTIOB HASTE SITES
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While ground-water velocity gives an indication of how fast contamination

may travel in the ground water, contaminants do not move at the same velocity

as the ground water. This is because of basic interactions between

contaminants and soil that retard the movement of the contaminants. There are

three different mechanisms that affect the retardation of contaminant movement

exchange on soil particle sites (ion exchange), adsorption onto soil

particle surfaces, and precipitation. The exchange and adsorption mechanisms

will retard the movement of contaminants but will not eliminate the movement of

all contaminants due to limited soil attenuation capacity.

As with the diversity among sites in terms of hydraulic conductivity and

ground-water velocity, the various attenuation mechanisms differ among sites.

To determine the attenuation potential at a site requires detailed data inputs

on water chemistry on a site-specific basis.

Net Recharge

Net recharge indicates how much water is annually absorbed into the ground.

It is measured by subtracting evapotranspiration (the amount of rainfall that

evaporates and transpires from plant surfaces) and estimated runoff from total

precipitation at a site. It affects exposure potential in a number of ways.

Low recharge will result in smaller volumes of more concentrated leachate, but

if the aquifer is deep and/or has a high velocity, it will quickly dilute the

leachate. High recharge produces more leachate, but may also indicate that the

area has higher ground-water flow,
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Exhibit 5-21 shows the number and percentage of sites that fall into each

range. Recharge is measured in inches and is grouped into five ranges.

Although a wide variety of net recharge ranges is represented by the sample,

the recharge of sites generally falls into the higher ranges of 4-7 inches,

7-10 inches, and over 10 inches. For example, more than 80 percent of the

sites have a net recharge of over 4 inches and over 50 percent have a recharge

of over 7 inches. This implies that leachate constituents will be more quickly

carried to the water table but the higher recharge rate will also result in

greater dilution of the leachate.

Ground-water Hardness

The hardness of the ground water near coal combustion waste sites will have

an effect on potential exposure through drinking water since excessive hardness

is typically treated in a public drinking water system. Treatment would lessen

the exposure potential to humans from contaminants in the ground water from

other sources (such as coal combustion wastes). Neasurements for ground-water

hardness were obtained by locating the sites on maps provided in Ground-water

Contamination in the United States (Pye, Patrick, and Quarles). 33

As shown in Exhibit 5-22, ground-water hardness is measured in parts per

million (ppm) of calcium carbonate (CaC03) and grouped into five ranges.

Ground water with a hardness of over 240 ppm of calcium carbonate is typically

treated if used in a public drinking water system. In this sample, 45 percent

of the sites show ground-water hardness in this range. Ground water with a

hardness of 180-240 ppm of calcium carbonate may also be treated, although
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EKHIBIT 5-21

RET RECHARGE
AT GML CONBRSTIOR WASTE SITES

00%

00%

00
III
k 400
01
IL0
ldl
Iy SDS
«(
Iz
ldl

IS
O 20%

III
IL

100

0-2 2.4 4.7

NET RECHARGE (INCHES)

2-10

SOURCE;1CF Inc, based on DRASTIC



EXHIBIT DJW - 4.6 
Page 274 of 372

ELEC
TR

O
N
IC
ALLY

FILED
-2019

February
26

2:53
PM

-SC
PSC

-D
ocket#

2018-319-E
-Page

133
of141

5-82

EKHIBIT 5-22

GROUND-WATER HARDNESS
AT COAL CONEUSTICN WASTE SITES
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treatment is much less likely. An additional 22 percent fall in the 180-240

ppm range.

The high levels of calcium carbonate found in the ground water near coal

combustion waste disposal sites suggest that if a drinking water supply is in

the vicinity, the water would often require treatment before being used.

Therefore, contamination that might exist in the drinking water from other

sources would be mitigated due to the treatment process since trace

constituents tend to be removed during the treatment process.

5.4.2 Population Characteristics of Coal Combustion Waste Sites

Environmental characteristics, such as distance and flow of surface water

and hydrogeologic measurements, are only one part of the analysis of exposure

potential. Opportunities for human exposure to coal combustion waste

constituents depend in part on the proximity of coal combustion waste disposal

sites to human populations and to human drinking water supplies. Census data

(1980) provide information about the number of people living within speci.fied

distances from the coal combustion waste sites. This information is obtained

through the CENBAT program, part of the Graphic Exposure Nodeling System

developed by EPA's Office of Solid Waste. The Federal Reporting Data System

(FRDS) data base, developed by EPA's Office. of Drinking Water, provides

estimates of the number of public water supply systems and the size of the

populations using them.
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5.4.2.1 Proximity of Sites to Human Populations

CENBAT provides information on the number of people living within specified

distances around designated locations. The sites were defined by latitude and

longitude coordinates. Populations were analyzed for areas within 1-, 2-, 3-,

4-, and 5-kilometer radii of the waste disposal sites.

Exhibit 5-23 shows the distribution of population within one kilometer of

the waste disposal sites. The CENBAT results show that most sites, 71 per-

cent, do not have any population within a one-kilometer radius. Overall, the

population range within a one-kilometer radius is 0 - 3708 people, with an

average of 359 people.

Exhibit 5-24 shows the population characteristics for the sample of coal

combustion waste sites at a three-kilometer radius. When the search distance

is increased to three kilometers, the percentage of sites that have no people

within a three-kilometer radius decreases to 32 percent. Average population

within three kilometers is 3,737, and the range is 0 - 35,633 people. There is

a large degree of diversity of populations at this distance. For example,

while 32 percent of the sites have zero population, the same percentage has

populations over 2,000.

Exhibit 5-25 shows the distribution of populations within a five-kilometer

radius. Only 10 percent of the sites do not have any population living within

this distance. The average population is 12,128 people, with a range from 0 to

123,160. The diversity among coal combustion waste disposal sites is even more

apparent at this distance. While 20 percent of the sites have populations
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EXHIBIT 5-23

POFOIATIOHS WITHIN OHE KIIOHETEE OF WASTE SITES
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EXHIBIT 5-2/s

POPOIATIONS WITHIN THREE KIIDMETERS OF WASTE SITES
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EXHIBIT 5-25

POPOIATIONS WITHIN FIVE RIIOHETERS OF WASTE SITES
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within a five-kilometer radius of fewer than 500 persons, 29 percent have

populations over 10,000.

The CENBAT results indicate that density increases on average with distance

from the disposal site. Many waste sites appear to be located on the outskirts

of populated areas, with fairly low population immediately ad]acent to the

site, but with significant populations within a five-kilometer radius.

5.4.2.2 Proximity of Sites to Public Drinking Water Systems

If coal combustion waste sites are close to public drinking water systems,

there may be potential for human exposure through drinking water supplies. The

location of public water supplies was determined through the use of the Federal

Reporting Data System (FRDS), developed by EPA's Office of Drinking Water.

The FRDS data base provides the number of public water supply systems

located within specified distances from a site and the populations using the

systems. It should be noted that the FRDS data base locates water systems

based on the centroid of the zip code of the mailing address of each utility
and that the actual location of the intake or well may be different. This can

cause some inaccuracy in the calculation of the distance and location of public

drinking water supplies in relation to the waste site. In order to remedy

potential inaccuracies and omissions, the locations of public water systems

that appeared on topographical maps but were not reported by FRDS are also

recorded.
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Exhibit 5-26 shows the population served by public water systems located in

the downgradient plume from the sites and within a five-kilometer radius. The

exhibit also shows how many sites have no public water systems within a

five-kilometer radius. Sixty-six percent of the sites have no public water

systems within a five-kilometer radius. Fifteen percent of coal combustion

sites have public water systems located within a five-kilometer distance and

had systems which served over 5,000 people, and 19 percent have public water

systems that serve fewer than 5,000 people.

The population data indicate that while there are often quite large

populations in the vicinity of coal combustion waste sites, only 34 percent of

the sites have public drinking water systems downgradient from the site.

5.4.3 Ecologic Characteristics of Coal Combustion Waste Sites

Ecological data on endangered, threatened, or unique plants and animals is

available through state Heritage Programs. The Nature Conservancy established

the Heritage Programs, which now usually function as offices of state

governments. The Heritage Programs develop and maintain data bases that

describe jeopardized species and rare ecosystems within each state. It should

be noted that there can be substantial variation in the completeness of data

available from different states; some state Heritage Programs are fairly new,

and basic data collection is still in its preliminary stages.

While it may not currently be possible to quantitatively model risk to

ecosystems from coal combustion waste, the information provided by the Heritage

Programs can indicate whether there are any jeopardized species near a specific
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EXHIBIT 5-26

POPUL&TIOSS SEEVED BY PI?BLIC BATHE SYSTEMS BEAR H&STE SITES
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